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MODIFICATION OF PROGRAMS CHIEF AND CID TO COMPUTE
SOUND RADIATION FROM AN ARBITRARY BODY WITH
BOUNDARY CONDITIONS

INTRODUCTION

The computer program CHIEF [1], written to compute the sound radiation
from =n arbitrarily shaped body, was originally developed to handle only the
case of Neumani boundary conditions on the surface of the body; i.e., the case
where the normal velocity is prescribed over the entire surface.

There may be situations where it is desired to know the effect of putting
some material on portions of the surface of the radiator. For example, it may
be interesting to see if the shape or side-lobe structure of the directivity
can be favorably changed or if such a material has a deleterious effect upon
the radiation efficiency of the source. A case in point is that low-impedance
material (pressure-release material) is often applied to the surface of an
underwater structure to effect shielding of that part from the acoustic field.

From a mathematical point of view, this class of boundary value problems
characterized by mixed boundary conditions [where at least two different types
of boundary conditions (Neumann, Dirchlet, or Robin), also called impedance,
are prescribed on the same surface] is not amenable to exact solution. Even
for a simple coordinate surface such as a perfect sphere, the mix of boundary
conditions means that the solution functions of the Helmholtz equation do not
form a complete orthogonal basis set over the surface. Hence, the classic
solution technique of expanding the boundary condition into a generalized
Fourier Series uri then matching mode for mode with a similar series
expression for the radiation field is not applicable. Approximate matching
procedures such as point collation and least-square error determination have
been tried and are discussed in the literature. [2,3]

This report discusses modifications that have been made to the programs
CHIEF and CID to accommodate the situation where part or parts of the radiator
are covered with one or more locally reacting arbitrary complex impedance
coatings. The range of magnitude of these impedances can be from zero
(perfect pressure release) to the largest value the computer can handle
without exponent overflow (rigid); any value that is purely real, purely
imaginary or complex, in between these extremes is allowable. Three sample
problems are presented to illustrate many of the new improvements to both CID
and CHIEF.

NEW FEATURES AND MODIFICATIONS TO CHIEF

Th= following new features have been added to the 1991 version of CHIEF.

1. CHIEF now includes the capability to describe multiple locally
reacting complex impedances.

2. The cone geometry has been added to CCUNMD.
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3. The routine ZRADMI has been added to calculate the radiation matrix
when impedance surfaces are defined.

4. New storage allocatior (Units 26 thrcugh 28) have been assigned.

NEW FEATURES AND MODIFICATIONS TO CID
The following new features have been added tr the 1891 version of CID.

1. The cone geometry has been added to the SURFACE DESCRIPTION screen
(see Appendix Bl).

2. The impedance surface description screens have been added (see
Appendix B2).

3. The DISPLAY3D [4] program used to display the CHIEF geometries uses
the CID screen input. '
USER INPUTS AND SUBROUTINE CALLS
This section describes the changes that have been made to the input
parameters and subroutine calls since the last program release.
General Input Parameters for Impedance Surfaces
NUMZ Number of surface regions in a symmetry block that are covered
with the impedance coating. (Note: The NUMZ impedance surfaces
appear after the radiating surfaces.)
ZCOAT Vector that contains the complex impedance coating for each
surface region in a symmetry block.
Calculation of Radiation Matrix
ZRADMI (ZMTX , NUMARS)

ZNTX Complex matrix area that must be allocated in control routine
for storage of the radiation impedance matrix (NUMARS,NUMARS).

NUMARS Number of surface areas (including impedance surfaces).

SAMPLE PROBLEMS

This section contains the CHIEF drivers for various types of sample
problems. Since many of the dimension statements are the same for each

control program, these lines will be printed only once and are labeled
VARIABLE DECLARATION.
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Common Variable Declaration

OO0

OO0

C

sssse CONTROL 88 ssess

PROGRAM CHIEF88 DRIVER

MXSREG - MAXIMUM NUMBER OF SURFACE REGIONS

MXIPS MAXIMUM NUMBER OF INTERIOR POINTS

MXARS MAXIMUM NUMBER OF SURFACE SUBDIVISIONS/SYM BLK
MXGAUS - MAXIMUM ORDER OF GAUSSIAN QUADRATURE

MXQPTS - MAXIMUM NUMBER OF QUADRATURE POINTS/SUBDIVISION
MXBLKS - MAXIMUM NUMBER OF SYMMETRY BLOCKS

MXFFP MAXIMUM NUMBER OF FAR-FIELD POINTS

MXNFP MAXIMUM NUMBER OF NEAR-FIELD POINTS

MXPTSC - MAXIMUM NUMBER OF POINT SOURCES

MAXCOR - MAXIMUM NUMBER OF FINITE BLEMENT NODES

MXFPS - MAXO (MXARS-MXIPS ,MFFP MXNFP)

PARAMETER (MXSREG=508)
PARAMETER (MAXCOR=1860)

PARAMETER (MxiPS=26)

PARAMETER (NXARS=568)

PARAMETER (NXGAUS=84)

PARAMETER (MXQPTS=512)

PARAMETER (MXBLKS=168)

PARAMETER (MXFFP=381)

PARAMETER (MXNFP=381)

PARAMETER (MXPTSC=20)

PARAMETER (MXFPS=528)

PARAMETER (NXFPS=MAXS (MXARS +MXIPS, MXFFP, MXNFP) )
PARAMETER (NWDVEC=2+MXARS)

Input commons

COMMON "CONST/ RHO,C

COMMON /PRTCOM/ NUNPRT,NUNERR

COMMON /PRTRD/ RUNID, DATE

CHARACTER#4 RUNID

CHARACTERe8 DATE

COMMON /N2 G/ NDQPTS, NDPMXS, NDVMXS , NDDECM, NDVELS, NOSPS,

1 NDPMXF , NDVMXE , NDPMXN . NDVMXN, NDPSSP, NDEXPR , NDCOMY,

1 NDTEMP, NDZRDB , NOPATB

COMMON /SVALS/ NSREG, NSEQNS (MXSREG) , SUL (MXSREG) , SUU (MXSREG) ,
SVL (MXSREG) , SVU (MXSREG) , NSU(MXSREG) , NSV (MXSREG) ,

1 CCS (18, MXSREG) , TRNSS (3, MXSREG) , TZAX (MXSREG) ,

1 TORDU(MXSREG) , TORDY (MXSREG) , NCCEQS

COMMON /CORD/  COORDS(MAXCOR, 3)

COMMON /IPTS/  NUMIPS, IPXS(3,MXIPS)

REAL IPXS

COMMON /PTSINP/ NUNPTS,PTSRCS (4, MXPTSC) , PTSWT (MXPTSC)
1 10PTSC (MXPTSC)

COMPLEX PTSWT

COMMON /PLWINP/ AINC,THTINC,PHIINC,ISCATR
COMMON /BAFFLE/ INFBAF

COMMON /FFINP/  NUMTHP, THTPHI (2, MXFFP)
COMMON /NFINP/ NUMFPN.NFPXS (3, MXNFP)
REAL NFPXS

C Output commons

o

COMMON /TAPREC/ RECRD(18) , IRECRD(3€)

COMMON /TAPRC1/ ARECRD(18)

CHARACTER#4 ARECRD

COMMON /PRGVLS/ NDIMPV,NUMARS , NUMSFP, NUMEFP, NUMNEP , NWDVEC
COMMON /SURARS/ AREAS (MXARS)

COMMON /ODSVEC/ TVECT (MXARS) B (MXARS) , IPIVTR (MXFPS)
COMPLEX TVECT

COMMON /VELSPS/ VEL (MXARS) ,SP (MXARS)

COMPLEX VEL,SP

COMMON /PDISL/ POWER,DIRIND,SRCRVL

COMMON /FFVALS/ FFP(MXFFP) ,PNRMFF (MXFFP) , IFFNRM , RMFNRM
COMPLEX FFP

COMMON /TSCOM/ TGTSTH (MXFFP)

COMMON /NFVALS/ NFP(MXNFP) , PNRNNF (MXNFP) , INFNRM, RMNNRM
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COMPLEX NFP

COMMON /PTSCON/ PTSSP (MXARS)

COMPLEX PTSSP

COMMON /EXTCOM/ EXTPRS (WXFPS) , IEXTFG
COMPLEX EXTPRS

COMMON /NBPRTC/ IRHSPT,NARSPT NPTBLK,FRQPT
COMMON /NBPRTS/ SYMTPT

CHARACTERs3 SYMTPT

Cossessaseesssns impedance coating sodifications sassssssssssnsss
COMMON /COATING/ ZCOAT, NUMZ
COMPLEX ZCOAT (568)
C NUZ - total nusber of imgedance layer surfaces (NSU' s NSV)
CHPRRaNsttatsasttrtistaatsssassittanssnsanssstintetssasnsssssnnsesy

DIMENSION CC(18), TRNS(3), IELTS(8, 398)
REAL X1(1808), Y1(1609)

CHARACTER3 SYMTYP

CHARACTERe4 FLDTYP, TAPEID, PRTTYP

INTEGER XIZAX, XNSEQNS, XIRG, XNSU, XNSY, XIORDU, XIORDV
INTEGER ICO0R, IELBM
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Sample Run 1: Radiating Polar Cap on an Impedance Coated Spherical Baffle

This sample problem computes the acoustic radiation from a spherical
source consisting of a 90  uniformly vibrating polar cap while the rest of the
sphere is covered with an impedance layer. Because of axisymmetry, the
azimuthal coordin:te angle was taken to be 1/30 of the sphere. There are 24
regions; the first twelve regions (90 ) define the polar cap. Thus, there are
12 regions with an impedance coated material.

Three cases were run using this break-up. In the first case, the
impedance layer is defined as a perfect pressure-release material (ZCOAT(I)) =
(0,0). In case 2, the impedance coating is defined as having pc
characteristics (ZCOAT(I)) = (pc,0). And in case 3, the coating is defined as

(ZCOAT(I)) = (1019,0), which simulates a rigid boundary condition. Setting

ZCOAT equal to lolg(real or imaginary) produces far field results identical to
those generated using the CHIEF where the velocity was specified to be
identically zero on the impedance coated regions.

GEOMETRY 0OF THE PROBLEM

PR

UNIT NORMAL
VELOCITY

IMPEDANCE
COATING

Fig. 1. 90° uniformly vibrating polar cap on an impedance-coated spherical baffle.

Program Listing of Sample Run 1

C Program MRBILLT
C SPHERE WITH IMPEDANCE COATING SURFACE
c

Variable Declarations

c (COMMON VARTABLF DECLARATIONS GO HFRE)
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COMMLEX PMATX( 1752), VMATX( 1752)

MDC.ZE = 1752
RUNID = 'NRBI'
DATE = '19-FEB-91’
CALL INITCM

CALL OPNSFL

RHO = 1008

< = .5e8

OPEN (UNIT=NUNPRT,FTLE=RUNID//* OUT®  STATUS=’NEW’
1 FORM="FORMATTED')

Casesnsssesssnss impedance coating mndifications sxxsssssssssesy

NMZ = 12
N=1

C ---n- load impedance for SPHERE
ICOAT(N - 8) = CMPLX(S.P , 2.8 )
ICOAT M « 1) = CMPLX(0.8 , 0.8 )
ZCOAT(N - 2) = CMPLX(®.9 , B.8 )
2COAT(K « 3} = CWPLX(8.0 , 0.8 )
ICOAT(N » 4) = CMPLX(B.8 , 0.8 )
ICOAT(N » B) = CMPLX(6.8 , 6.8 )
ZCOAT(N - 8) = CMPLX(B.@ , 8.9 )
ICOAT(N » 7) = CMPLX(@.0 , 2.9 )
ICOAT(N - 8) = CMPLX(®.8 , 0.8 )
ICOAT(N + 8) = CMPLX(6.0 , 8.8 )
ZCOAT(N + 18) = CMPLX(08.8 , 8.8 )
ZCCAT(N + 11) = CMPLX (0.8 , 8.9 )
D0 99 JJ=1,3
N=1
IF (JJ .EQ. 1) THEN
ICOAT(N + 12) = CMPLX(0.8 , 0.0 )
ZCOAT(N « 13) = CMPLX(B.8 , 6.8 )
ICOAT(N + & = CMPLX(E.# . 8.9 )
ZCOAT(N + 1b) = CMPLX(D.8 , B.8 )
ZCOAT(N + 18) = CuPLX(B.® , 0.8 )
ZCOAT(N - 17) = CMPLX(8.0 , 0.8 )
ZCOAT(N » 18) = CMPLX(8.0 , 8.8 )
ZCOAT(N - 19) = CMPLX(9.8 , 8.8 )
ZCOAT(N - 26) = CMPLX(8.9 , 8.0 )
ZCOAT(N « 21) = CMPLX(6.8 , 8.8 )
ZCOAT(N +» 22) = CMPLX(B.0 , 8.8 )
ZCOAT(N + 23) = CMPLX(8.8 , 0.8 )
END IF

IF (JJ .EQ. 2) THEN

ZCOAT(N + 12) = CNPLX(1.5E88 , 0.8 )
ICOAT(N » 13) = CMPLX(1.5EB 88 )
ZCOAT(N - 14) = CWPL)\(1.6E8 .88 )
ICOAT{N + 15) = CMPLX(1.5E88 88 )
ZCOAT(N + 18) = CMPLX(1.5388 88 )
ZCOAT(N » 17) = CWPLX(1.5E38 L8 )
ZCOAT(N - 18) = CMPLX(1.5E868 88 )
ZCOAT(N + 19) = CWPLX(1.5E88 8.0 )
ZCOAT(N - 28) = CMPLX(1.5E88 T8 )
ZCOAT(N « 1) = CNPLX(1.5E@8 L8 )
ZCOAT(N ~ 22) = CNPLX(1.5E88 T80 )
ZCOAT(N » 23) = CNPLX(1.5E®8 s )
END IF
IF (JJ .EQ. 3) THEN
ICOAT'N « 12) = CWPLX(8.8 , 1.8E19 )
ZC0ME(N » 13) = CMPLX (8.0 D 1.8E19 )
7CAT(N + 14) = CMPLX(8.0 RN SU
ZCWAT(N + 15) = CMPLX(8.9 L 18819 D
2C6TON . 18) = CMPLX(B.® D 1.0E19 )
ZCOAT(N - 17) = CMPLX(8.® C1.eE19 )
ICOAT(N - 18) = CMPLX(8.8 C1.8E18 )
ICOAT(N » 19) = CMPLX(S ® C1eEle
2C0AT(N + 28) - CMPLX (B B T eE19 )
ZCOAT(N » 21) = CMPLX(C.® ' 1.8E19

6
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ICOAT(N - 22) = CMPLX(D.8
ZCOAT(N + 23) = CMPLX(8.8
END IF

N=No+ (24 21 )

—

syametry inputs

PI = ACOS(-1.8)
SYMTYP = 'ROT
NBLKS = 39
IRHSYN = 1
CONVERT = 1.6

Surface Region inputs

ROTLIM = PI / NBLKS

XIRG . @
P01I=1,10
cC(l) = 8.0
CONTINUE
D02I=1,3
TRNS(I) = 8.8
CONTINUE
------ SPHEKE
XNSEQNS = 6
(1) =1. » CONVERT
CC( 2) = CCQr)sce(l)
TRNS(1) = (8.8E+88) s CONVERT
TRNS(2) = (3.08E-28) » CONVERT
TRNS (3} = (8.98E-@0) » CONVERT
XIZAX = +3
XSWw =8
XSW = 3.14159285
XSVL = -8.10472
XSVU = 0.10472
XNSU = 24
NSV =1
XIORDU = 4
XIORDV = 84
XIRG = XIRG + 1

NSREG = XIRG

CALL PLOTCHIEF(RUNID, NBLKS, 3YMTYP, 1, 38.6, 66.98, 0.0)

C Define Frequency input.

FREQ = 716.29

C Generate surface P and V satrices.

CALL SURMAT(FREQ, SYWTYP, NBLKS, PMATX, VMATX, MDSIZE)

IF ( JJ .EQ. 1) THEN
CALL PRTOUT('GEOM',1)
CALL PRTOUT('AREA’,1)

END IF

CALL LDSURR(XIRG, XNSEQNS, CC, TRNS, XIZAX,
1 XSUL, XSW, XSYL, XSYU, XNSU, XNSY, XIORDU, XIORDV)




C Decoapose Matrices

CALL DECOMM(SYMTYP, NBLKS, IRHSYM, PMATX, VNATX, MDSIZE)
CALL IOSUB(NOVELS, 18, VEL, 8)
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C Block §1
VEL( 1) = (1.0068, 0.08208)
VEL( 2) = (1.¢660, ¢ 2060)
VEL( 3) = (1.e600, 9. s6ee)
VEL( 4) = (1.06€0, ¢ 6060)
VEL( 5) = (1.40¢6, 6.0000)
VEL( 8) = (1.0808, 9.6000)
VBL( 7) = (1.0080, 6.0600)
VEL( 8) = (1.6680, 6.6640)
VEL( 9) = (1.0888, ©.8000)
VEL( 18) = (1.0068, ©.80@9)
VEL( 11) = (1.6606, ¢.8669)
VEL( 12) = (1.0080, 8 0608)
VB ( 13) = (8.0068, ¢.2898)
VEL( 14) = (8.8098, #.0d¢6)
VEL( 15) = (8.0800, ©.8006)
VEL( 18) = (8.0860 o 2098)
VEL( 17) = (0.9600, 8. 0a88)
VEL( 18) = (B.806¢, 8. 6068)
VEL( 19) = (8.0008, . 8688)
VEL( 20) = (0.080¢, 8. 8408)
VEL( 21) = (0.6860, §.0068)
VEL( 22) = (0.0696, 6.8006)
VEL( 23) = (8.0000, 8 8606)

VEL( 24) = (8.0060, 8 0008)
CALL IOSUB(NDVELS, 1, VEL, NWDVEC)

C Generate Surface Pressures.
CALL SURPRS (FRER, SYMTYP, NBLKS, IRHSYM, PMATX, VMATX, MDSIZE)
CALL PRTOUT(’VEL®,1)
CALL PRTOUT('SP’,1)
FLDTYP = 'FAR °®
NMMTHP = 73
D0 256 1 = 1, NUMTHP
THIPHI(1, 1) = (1 - 1) » &

THTPHI(2, 1) = .8
26 CONTINUE

C Zalculate FAR Field Matrices
CALL FLOMAT(FREQ, SYMTYP, FLDTYP, NBLKS, PMATX, VNATX, MDSIZE}

IFFNRM = @

C Calculate Far-Field Pressures.
CALL FLOPRS(FRER, FLDTYP, NBLXS, IRHSYM, PMATX, VMATX, MDSIZE)

CALL PRTQUT(FLOTYP, 1)
99 CONTINUE

sSToP

END

The output listed below shows the input parameters for case 1. This is
followed by the velocity distribution and surface pressures for all of the
subdivisions. All of the symmetry strips are the same. Following the surface
pressures is the normalized far-field patterns, and next are the surface
pressures and patterns for cases 2 and 3.
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Qutput Listing cf Sample Run 1

PROGRAM C K 1 FF 8 3 FUN MPB! UAGE 19 FEB-9
REGION  NSEQNS  NSU NSV S SW SVL swu I0RDRU  IORDRY
1 8 2 | 2.0008085-08 D 314169E.81 - 1P4720E-88 ©.104720E-00 4 4
REGION - TRANSLATION (7:,7T2,73), 12AX
1 ¢.000PO0E.00 ¢ BPQI2GC-28  © BRCABLF.2d 3
REGION - CC§
1 6.1806E-81 3. 1200:-01 8 @0¢6L-08 ¢ 00PT.00 0 GOGRE.¢0 ¢.0000C-60 ¢.00EBC.20 ¢.0008E.09 §.8000C-08 6. 9000C-20
NO. OF SURFACE AREAS = 24 NG OF SURFACE FIELD POINTS = 24
1
PROGRIM CHIEF 88 RUN MRBI DATE 19-FEB-9
SURFACE AREAS (ARCAR  ARCA)
1 8 179185-62
2 8. 534475-87
3 8 8898782
4 8.121176-81
5 8. 15228E-81
6 8.18063E-61
7 8.285576-8]
8 620779801
9 8. 24571E-81
10 0.25942E-21
11 9.26670E-31
12 8.27337E-81
13 # 273376-81
14 9.26872E-81
15 # 25942E-91
16 8 245717 "1
17 8 2277%0 ui
18 6.28597E-81
19 3.18863E-81
28 @ 15220E-81
21 8.12117E-81
22 8.88BB2E-082
23 8.53447E-82
24 8.179130-82
1
PROGRAM CHIEF 88 RUN MRBI DATE 19-FEB-9
FREQUENCY=  716.2 RHO= 148¢.8 C= 1500 8

SYMMETRY TYPE= ROT NO. OF BLOCKS= 3@

VELOCITIES (BLKJ ARFA§, REAL, IMAG MAG,ANG, REAL

—
VOO NDU =N

s b b pen d b b pd e e b b b e gt
b pe e s
LSRN P RN e

—
™

108608C.81
.18008080E-81
1086608E-01
16800RE-81
108006c.8!
160000E-81
100880c.8]
124008081
180628E.01
.1g22¢8E.01
1280¢8E.81
168A20E-81
519151F..88
. 963358E-81
182795F.-00
839992 41

AV III DA CTISITSED

]
e
2
2
8
3
é
[
9
[
[}
]
[
[
[
[}

.000699E.00
.080000E- 00
.802P80E. 00
860004E-80
.8gedeec.00
.8¢e090t.00
860006E.00
8900860E-08
.00€0008E- 00
#60200t.99
800000¢. 08¢
égpeear.-0d
926700083
227281E-08
YBR4QL-8]
(Al1gee-2l

A D ORIV RIS

- 180800L.01

.1094@0c.81
-1e80¢0t.81
.188298E.61

.1008906E.81
.196134E.01

LCOAT, IMAG ZCOAT)

188806E.81
186880E.81
196620E.81
108640E-91
186000E+61

19800881

106800E.91

—
—
-]

247090E.00
137284E.08
85¢873E-81

66

-~
@ —

.09
.90
.80
.28
.98
.48

87

0 .C0060E-00
0. 600044E- 00
8. 066080E-00
0.008040E.00
6.008040E. 08
0. 000682E. 80
8. 006080C-00
0.808600E. 00
5. 080000E- 80
0.080000E-90
0.060080E-00
0.008000E-00
0.0080060E-00
§.000000E-80
0.08880880E.00
0.660000E-00

0.000806C. 09
0.008000E.00
0.060800C-99
0. 80000829
9. 600000E-00
0. 06006E- 00
0. 00000000
0.000000E-00
§.500004E-89
0. 040080E. 00
0.600080E.00
6.604000t.00
§.600006E-00
0.060068E-00
6. 000006C- 00
0 .040000E- 08




Thompson, Dubus, & Siders

1017 0.526694E-81 -@ 223428E-81 @ 6573414E-01 -22.93 9.680080E-00 ©0.000000E-00
1 18 0.240284E-81 -0 334544E-81 9 411894E-01 ~-54.31 0.600000E-80 ©.00O068E-08
1 19 #.255895E-82 -8.304915E-81 8 395987E-01 -85.28 0.000002E.00 @ 000000C-20
1 20 -§.106377E-61 -9 .206314E-61 #.232124E-81 -117.28 0.800060E-00 0 9P2A0PE-90
1 21 -8.188224E-81 -0 .879903E-62 ©.1898476-€1 -152.39 0.000008E-06 ©.000000E-00
1 22 -8.183038E-81 © 186586E-62 ©.183978E-81 174.18 0.002000E-00 0.0609P00E-80
1 23 -8.175939E-61 @.961857E-82 8.206515E-01 151.33 9.000080E.00 @ 00P0OE-00
1 24 -@.177578E-81  @.148317E-61 @.230093E-61 146.51 0.608008C-00 ©.000000E-80

ser FULL YELOCITY SYMMETRY e#»
1
PROGRAM CHIEF 88 RUN MRBI DATE 19-FEB-9
FREQUENCY=  718.2 RHO= 1996.6 C= 1508.8
SYMMETRY TYPF= ROT NO. OF BLOCKS= 38

SURFACE PRESSURES (BLKJ,AREAF, REAL,IMAG,MAG,ANG)

1 1 § 130095E-87  0.243843E.85 @.131818C.87 1.7
1 2 0.134038E-87 2.755111E.85  @.134249E.87 3.22
1 3 6.130889E-67 @.142896E.86 €. 148615E+07 5.82
1 4 §.147041E-87 @.2356899E.86 8.148918E.87 9.11
1 6 9.1563852E.87 9.354132€.686 @.167681E.87 12.98
1 8 0.157788E-87 #.491521E.06 @.165188E+87 17.31
1 7 0.157324E.87  8.836299E.86  @.169785E-07 22.82
1 8 0.150995€.67 @.771568E-86 &.189565E+87 27.97
1 9 6.137705E.87 @.875019E.88  §.163239E-87 32.42
1 18 #.117443E-87 B8.918871E-P8  B.14918b6E.87 38.63
111 0.899727E.86 0.864173E-86 8. 124752E.07 43.85
1 12 6.537282E.88 §.831844E.06 @.828787E-96 49.59
1 13 §.000000E-00 £ 00080000 §. 00PBOOE.0E 8.08
1 14 0.000090C.00 0 .000080C.00 ©.900080E-80 8.89
1 16 §.000C80C-08 9.080060C.00 O E£30006C.20 8.00
1 18 §.000000E-00 £ 0DBBOSE.PE  8.000000E-00 6.88
1 17 §.000602E-00 0.000000E-00 ©.00000BE.00 2.08
1 18 8.608:7E-00 0.600660C.06 ¢ 800008C-20 é.84
1 19 §.900900C.-80 0.008008E.00 ¢ §00000E.20 8.08
1 2 0.608000C.-B¢ 0. 000000C-00 ¢ 006308E.00 0.0
1 21 0.6006060C.008 @ 600630C.06 ©.000600E-20 8.08
1 22 §.200000E-06 0.000000E.00 & 000800E-00 §.00
1 23 0.000006C-00 0.000000C.00 O 900000E.£0 0.00
1 24 §.086060E-86 3 .000006C-08 0.000000E-00 0.00

sss FULL VELOCITY SYMMETRY ss«
POWER QUT(KW)=  7646.256
i
PROGRAM CHIEF 88 RUN MRBI DATE 19-FEB-9
FREQUENCY= 718.2 RHO- 1688.0 C= 1508.90
SYMMETRY TYPE= ROT NO. OF BLOCKS= 38

FAR-FIELD PRESSURES ( PHI,THETA FFP(RL,IM,MAG,ANG) NORMALIZED PATTERN, SOURCE LEVEL, DI )
8.80 0.8 - 258523E.67 - .655189E.P6 ©.258949E.87 -185.34 0.00 » 248.3 8.52
.0 65.88 - 248029E.-87 - 65B3PPE-PB ©.2685B5E+87 -165.18 -8.08
8.6 10.08 - 248739E.87 - B59422E+06 ©.249667E+87 -164.68 -8.32
0.00 1588 - 229285E-87 - BB3IQGTE+B6 ©.238628E.-07 -183.84 .71
0.06 20.8 - 214270E.87 - 868O6BE.88 @.224479C.87 -162.68 -1.24
9.66 2696 - 196084E-87 - 673278E.-06 @.208153E.87 -181.13 -1.98
$.09 35.08 - 178384E-87 - .B75639E+06 ©.190747E-67 -159.28 -2.88
8.68 3586 - .1695687E.97 - 874413E-88 ©.173262E-87 -157.89 -3.49
0.60 40.88 - 141487E.867 - G6GGOOE-86 O 1586480F.87 -154.71 -4.37
906 45.88 -.1247976.87 - 856UG3E<86 € 141833E.87 -152.24 -6.28
9.00 60.00 - 160006E-87 - 638682E-88 © 127188E-87 -149.88 -6.18
0.20 5686 - 973268E.06 - .612818E.06 @ 115012E-07 -147.88 -7.85
0.00 089.00 - 088210E.06 - 570204E-08 0.104373E-87 -146.29 -7.89
0.66 65 88 - 78344BE.P8 - 537995E.88 O .968383E-98 -145.52 -8.71
6.60 T70.80 - 718364E.66 - 489182E.88 0.887471E.08 -145.87 -9.58

10




.88 7588 -
.821697E-986
84 8582 -.
88 9988 -.

88 80.0¢ -

89 95988 -

00 100.68 -.
88 185.89 -.
.417985E.88
.371819€+88
.319918E-286
09 125.¢8 -
00 138.00 -.
8¢ 136.80 -.
.687839E+85
.181391E-85
. 796488E+25
.145143E.96
.203864E-88
.253068E+06
.290267E+88
.313440E.08

84 119.60 -
0% 116.88 -
o8 128.08 -

20 149 ¢80 -
B8 145.00 @
.80 1t0.0¢ @
.08 15500 @
06 160.9¢ ¢
.89 165.¢2¢ @
.88 179.66 @
98 175.96 @
88 184.%9 @
.89 185.88 @
.88 19¢.980 @
.88 195.98 @
.88 288.0¢ @
.98 285.08 @
.88 218.68 ¢

215.88 @
84 220.08 -
.88 225.9¢

.68 248.00 -

.88 245.86 -.
.417665E.96
.45T4TTE-88
.493081E-86

.88 258 .89 -
.88 255.80 -
8¢ 288.08 -
28 265.89

.80 278.¢9 -.
868 275.e8 -.

.20 280.89 -

.88 290 .98 -
.88 295.80 -
.88 308.08 -
.68 385 60 -

.89 348.88 -

A S OSSN eSS NI NIANINHNI TR AN NRAACICTIRRI TSRO
&
-

8363686E-26

588732€E.26
555574E+96
525139E+98
493681E-88
457477E+28

261194E-88
198128E+85
130837E.868

32:317E-06

.313448E.98
.296257E.88
.253866&+86
.283864E.08
.145143E-.88
.798488E+85
.191392E.85
.887837E.85
-.136837E+88
.66 230.00 -.
.89 235.88 -.

198128E+86
261194E+88
319818E-86
371019408

525139E+86
555574E+86
5867682E+88

.821697E-86
.08 285.80 -.
.718384E.08
.783448E+96
.868218E+88
.973258E+88
.89 319.68 -.
.08 315.¢8 -.
.88 320.06 -.
.80 326.88 -.
.86 338.00 -.
.88 335 @8 -.
21427087

.86 345.00 -.

2¢ 3568 .68 -.

.88 355.08 -.
0.66 360.00 -.

8683688E+86

109998E-8/
124797E-07
141487E.87
169587E+87
178384E.87
1968964E+87

229285E+87
248739E+87
248029E.07
268523E.87

i
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.433439£-88
.371642€.088
.304958E- 08

234820E-98
182931E.88

9122376485
. 21B432E.085
429078045
.188728€.86
.149247E.96
.188452E+96
.218736C88

221192E+88

.217836c-¥5
.281777E-86
.175286E+86
.141718E-28
.185241k+08
. T@4420E.985
.417587E+85
.2288108E.86

1683823E.88

.228818E+85
.4176@8E+85
. 7T84419E-86
.185242E-08
.141718E+886
.175288E.88
.281777€E-28
.217838E.88
.221192E+98
.218736E+08
.188452t+88

149247E- 088
106720E+88
429289E+85
21848385

.912238E+85
.182931E+88

234820£+96

.3B4956E.98
.3716842E.88
.433439E.08
.489182E+288
.537994E.08
.579294E+08
.812810E+88
.838582c+86
.856962E.08
.868888E.08
.874413E-86
.875639E+088
.87327¢E+26
.888988E 88
.8683957E.86

- £59422E+88

'

.868299€+06
.855189£.088

» DIRECTION FOR PATTERN NORMALIZATION

1

FREQUENCY-  718.2

SYMMETRY TYPE= ROT

PROGRAM C H T EF B8 8

RHG= 18¢2.8 C-= ib¢0 @

NO. OF BLOCKS- 38

.752684E.988
.724310E.0886
.881296E+86
693161E-.06
549834E.08
5@81429E.06
.457998E-88
.419268E.86
.384448E+08
3522036488
.326516€E+88
.289248E-86
256991E.88
.226158E+86
.292031E+86
.192532E.88
.202854E+86
.229428E.86
.282687€+86
.293245E.06
.314274E-886
321731E.08
(3142746488
.293245E+88
.262887E-88
.229427E-08
.282854E+86
.192532€.886
.202031E.86
.228157E.88
. 25899198
.289248E-86
.328915E+88
.352293€.08
.384448E-86
.419268E.088
.457998E.886
.581429E-86
-549834E+98
.603161E-88
.681295E+086
.7T24316E+86
.792884E+88
.887470E+088
.950383E+086
.184373E+87
.115@12E-07
.127188E-87
.141833E-@7
.156489E+87
.173252E-87
. 196747E+87
.208153E+87
224478587
.238628E+87
249887E-87
.258585E.87
. 25894987

A S NSO OSSN RN OCEHNTRANE NIV E RS

RUN MRBI

-148
-149

-152.
-157.
-182.
-169.
-177.
174.
164
.93
.48
.23
.89
.59
12
.56
.32
.38
.55
19
.18
.9¢
.18
19
.56
.38
.32
.58
87.
185.
128.
133.
144
154.
164.
174,
-177.
-169.
-162.
.29
-162.
-149.
-146.
-145.
-145.
-148.
-147.
.86

-157

-149

-152.
.n

-154

-167.
-159.
-181.
-182.
-183.
-164.
-185.
-1865.

85
13
S4
as
76
52
27

4

81

12
59
60
23
48
93
81
12
27
52
78

54
13
85
87
52
29
89

24

a9
28
13
88
84
88
18
34

DATE 19-FEB-9

VELOCITIES (BLK§,AREA, REAL,IMAG,MAG,ANG, REAL 7COAT, IMAG ZCOAT)

11

-19.
.e1
-11.
-12.
-13.
-14.
-15.
-15.
-18.
-17.
-18.
-19.
-28.
-21.
-22.
-22.
-22.
.85

-11

-21

-19.
-18.
-18.
-18.
-18.
-18.
-19.
.86

-21

-22.
-22.
-22.
-21.
-28.
-19.
-18.
-17.
-16.
-15.
-15.
~14.
.46

-13

-12.
-11.
.47

-11

-18.
-S.
-8.
-7.
-7.
-8.

.28

-5

-4
.49

-3

-2.
-1.
.24

-1

28

48
28
85
8i
67
33
14
64
97
18
18
§7
12

88
92
32
11
32
92
88

12
57
18
18
87
94
14

57
81
25
26

66

28
56
71
89
[ 13
18

37
86
71
32




1

1

[ O e
~3 et e b b b ad b s b

24

sss FULL VB.OCITY SYMMETRY ses

FRERQUENCY=

SYMMETRY TYPE= ROT
SURFACE PRESSURES

L i ol el ol o S e e e e il ol
MO AD =t b et gt b ph b b s et
RO NBO W~ DODNREWN ~

22
23
24

ses FULL VELOCITY SYMMETRY 49+

PONER OUT (KW)=

FREQUENCY=
SYMMETRY TYPE=

FAR-FIELD PRESSURES ( PHI, THETA,FFP(RL, IM,NAG, ANG)

718.2 RHO=

718.2 RHO=

. 106064E-01
.186680E.8]
. 180860E.91
. 100000E.81
.196486E.21
.100666C.81
.108006E-01
.192800E.81
.18Q060E-01
.180000E+€1
.1664€6E.01
.188488E.81
288403c-08
112223E.98
.411214E-82
.868318E-61
.855737E-61
.758892€E-91
.498632E-01
.152133E-81
-§.181976E-61
-§.462319E-61
-6.0868933E-41
-0.764700E-81

Thompson, Dubus, & Siders

0.800000E- 80
8. 08000880
0 .200908E-80
9. 000600E 00
@ .0a00edac.29
§.9d00d0E- 00
0. 800000400
9 .400e09c-00
8.906609E-00
¢.000060E-08
@.800900E+00
@.08d00d00c.08
9.733958E-81
$.163832E.88
0.145299E-08
©.925511E-81
€.366468E-81
-8.752738E-82
-§.342943E-61
~8.448116E-61
~8.408066E-01
~8.3066854E-01
~8.199423E-81
~6.141181E-81

PROGRAM CHIEF 88

J138019E.87
13773387
.141384E+87
.148273E+87
.168521E+87
.162676E-87
.151036E-87
.144821E.07
.133376E-87
.11877¢E-07
956601E-86
. TERT14E-08
.A29605E-00
.168335E+88
.616821E+84
.Q96477E-85
.128381E+86
.113804E+06
~@.735947E+85
~8.228199E+85
8.2729683E-86
@.693478E85
0.991480E-85
6.114785E-86

Iy
LR N N N R R N R K E R E -R_ N B X N I

7683.426

1¢60.8 C=

15666

NO. OF BLOCKS= 38

§.1986669E-08
6.153607E-906
€.212236E-868
9.2914688E.06
0.390219E.06
6.581918E.88
9.815851E-88
§.717094E.96
§.788504E-86
8.800958E-86
8 .724315E.06
§.487582E.06
-8.110094E-06
-8.246748€E.06
-§.217936E-06
-8.138827E-88
-#.549884E-85
8.112911E.85
B.514414E.85
8.668166E-86
8.812099E.85
8.460288E.085
8.299]134E+085
6.211771E.66

PROGRAMCHIEF 88

ROT

1880.0 (=

1500.8

NO. OF BLOCKS= 36

(BLKE, AREAR, REAL, IMAG, MAG, ANG)

@.100080E.91 8.0¢
2. 180080E-8) 0.80
P 1990820E.91 LN ]
8.190680E.81 8.90
9. 100886E.01 0.¢9
8.100000E+01 0.98
9.100800E-01 6.0
¢.10000ecE-01 9.89
§.106084E.91 9.08
9.100060E-01 8.08
@.180000E-81 0.80
8.1080898E.01 8.00
9.295658E+00 185.83
©.198582E.08 124 .41
§.145348E-89 88.38
9.113892E.00 54.49
0.9309¢1E-21 23.18
8.762417E-91 -5.87
9.598686€-01 -34.95
0.466663E-01 -78.93
0.4468083E-01 -~114.83
0.554885E-91  -146.43
9.698384E-01 ~183.21
9.777823E-01  ~189.54
RUN MRBI DATE 19-FEB-9
§.135839E.87 4.51
8.138150E-87 8.38
0.142968E-67 8.54
6.149149E-67 ir.27
0.156497E.87 14.53
8.168620E.97 18.21
#.163109E.97 22.18
9.161883E-07 28.34
8.154839E+87 36.63
9.141649E-87 34.42
@.119988E+87 37.13
9.861060E+88 34.49
8.443487E+98 ~14.37
9.297674E+06 -55.58
0.218023E+88 -91.82
8.17P638E+86 -125.51
8.139635E+86 -156.82
©.114363E+86 174.33
9.897969E.95 145.65
6.898494E+85 189.87
9.670204E+.05 85.97
9.832328E+085 33.67
8.103655E+86 16.79
§.116643E+86 16.48
RUN MRBI DATE 19-FEB-9

12

NORMALIZED PATTERN, SOURCE LEVEL, DI )

5. 000PO0E-00
§.880000C-00
§._000009E+08
0.000000E+00
0.0000008E-00
9.0806000E-00
#.008008E-20
8.480028E+08
#.880800E-00
8.800000E 88
#.980000E-00
9.000000E+00
.1500080E+07
.156000E.87
.158008E.87
.160080E+87
.160600E.87
. 168006887
-150086E.87
.160008E.87
. 150080E.87
.160080E-87
.1500808E.87
.1560088E+87

0.800868E.00
5. 00806E.00
8.008900E- 09
8.008000E.20
0.009000E.00
0 .3008060E-89
9.0800200E-02
8.0060P0E-20
6.908008E-20
2. 080809E.29
9.608008E.20
8.003000E-08
8.0000080E.00
0.0800800E-08
6 .600000E-29
8.002090E- 00
8.00¢080E-9¢
0.080000E.00
4.000000E-20
8.600088E-00
8. 000088 +00
9 .00p080E-0D
6 .0000080c-08
©.000209E.88




80
89
29

09
1]
08
90
06
)
29
29
00
28
4]
09
00
¢
00
(]

55

116

128.
N
130.
N
148.
145.
168.
185.
188.
185.
178.
175.
188.
185.
190.
195.
288 .
.89
218.
216.
220.
226.
238.
236.
240 .
245.
250.
256.
266 .
266.
270.
276.
208.
285.
299.
296.
300.
366.
310.
316.
328.
326.
338.
336.
340.
345
358

125
136

285

.08
.68
18.
16.
2.
25.
39.
36.
48.
45.
58.
.ee
89.
85.
78.
76.
80.
86.
.8e

95.
180.
185.
118.
.28

(')
00
(1)

08
28
e
8d
08
e

00
29
20
08

00
(1]
00
06
00
0
20
20
0e
14
90
14
00
o9
28
09
08
09
[ 1
00
[.]
00
1]
1]
79
29
.1
e
a0

.226236E.87
.223294E-87
.217827E.€7
.298835€-87
.196939E.87

-.183362€.07

.168544€-87
.153460E.87
.138751E+07
.124974E.987
.112521E.87
.181814E.87
.923238E+088
.845913E-86
. 782670E+98
.721383E+086
.889582E+08
.8546681E+26
.82399¢9E-08
.695831E+88
.585256E+28
.532241E+06
.493619E+06
.447141E.66
.39@786E+06
.322938E-88
.2426866E+26
.149922E+88
.459879E+85
.884792E.-85
.183386E.088
.298966E+86
.406947E+06
.588352E+86
.572635E+86
.818392E-86
.834060E-86
. i1. 392E+88
.572835E+88
.589362E-06
.408948E+88
.296966E+86
.183367E.86
.884793E+86
.459875E-05
.149921€E.98
.2426506E+00
.322938E-06
.390785E.86
. 447141E+86
.493619E.088
.532241E+086
.565266E+86
.595831E.86
.B823999E.86
.864661E+86
.889582E+86
.731382E+86
.782670E+86
.845913E.86
.923236E+06
.101814E+87
.112621E.87
.124974E.07
.138751E+87
. 1563468E.87
.188644E.87
.183302E.87
. 19693987
.208834E.07
.217627€.07
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.339591€-88
.339514E+28
.B839294E£486
.638425E-96
.638783E.86
.833738E£.08
.828689E.08
.820686E.06
.898855E+086
.592457E.06
.578537E-886
.542312E+08
.5@87165E+06
.4847@7E+88
.414851E+08
.3578682E+86
.294498E-08
.225586E+88
.152931E-06
. 78397BE+85
.430427E.84
.B87634E+85
.132036E-88
.188833E+86
.234669E+86
.287532E.08

2868169E-88
289987E-86
279807E-66
2567322E+06
225345E+06
137587E+26
146245E-86
111798E+88
823355E+85
631948E.85

.5656256E+85
.831947E-¢6
.823334E-86
.111797E+86
.148245E+086
.187568E+86
.225345E+86
.257321E+88
.279687E-86
.289987E.086
.286109E.86
.287532E.986
.2346889E+86
.1868833E.86
.132036E+88
.8875633E+85
.430442E-84
.783976E.85
.162931E.88
.225686E+986
. 204488E.06
.357862E.06
.414858E-68
.484787E-08
.667164E+86
.542312€E.86
.578536E+88
.692457E+88
.808855E+86
.620686E.08
.628889E.96
.833738E+08
.838783E.88
.B83847'E+06
.839204E.98

COO@QQ.Q&QGQG&Q‘QQCQQGGﬂ&QOGOQ.QQODOOQODDOG&C.FIQQGQQCOOQ&QQQQQQGQOQ&QGC

.234135E.87
.232271E.87
.226826€.87
.218184E.87
.208978E.87
. 193948E-.87
.179885E-87
.1865634E+87
.151522E.87
.138386E.87
.126159E-87

115188€E.87

.185337&.97
.985154E.88
.885818E.£8
.814239E.96
.749883E.88
.892438E.86
.842487E.968
.808173E+98
.585273E+08
.538411E+08
.510973E-88
.486379E+88

455832€.86

.419360E+66

375150E.86

.328449E.88
.283581E.88
.285779E-+98
. 298486408
.3562933E+88
.433188E.06
.512698E.88
.578524E+986
.621813E-06
.836578E-88
.821813E-086
.578523E.88
.512690£+98
.433188E-86
.352933E+088
.200485E+06
.286778E488
.283561E-86
.326449E.06
.375150E+86
.419380E.986
.455831E+86

48b6379E+86
510973c.86
536411E+86
565273E+06
666173E.86
842488E+86
892438E.06
749886E-86

.814236E.08
.886818E+086
.966153E.86
.186337€.87
.116188E.87
.126159E.67
.138386E.87
-151522E.87
. 186634E.87
-179885E.87
.193948E+087
. 206978E.07
.218184E+87
.220820E.87
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-184.
-164.
-183.
-162.
-182.
-180.
-169.
-157.
-158.
-154.
-153.
.61
-151.
-161.
-152.
-183.
-158.
-168.
-166.
-172.
-179.

172.

186.

157.

149.

148.

138.

117.
.33
.51
.87
.18
.82
.68
.18
.83
.18
.83
.18
.60
.82
.18
.87
.51
.33

117.

138.

148,

149,

157.

185.

172.
-179.
-172.
-166.
.99

-151

-180

-166.
-153.
-162.
.22

-181

-181.
.91
-163.
-154.
-156.
-157.
-159.
-168.
-182.
-182.
-183.

-181

16
82
83
99
28
93
65
98
a1
64
11

22
22
e7
93
a8
99
23
43
66
8b
82
1n
81

34

34

)}
11
82
85

49
23

88
93
7

22

11
64
31
98
-1
93
[ [
99
83

0.60
-4.
-§.
-8.
-1.
-1.
-2.
-3.
-3.
-4.
-5.
-8.
-8.
-T.
-8.
-9.
-9.

-18.
-11.
.82
-12.
-12.
-13.
-13.
-14.
.94
91
-17.
-18.
-18.
-18.
-18.
.86

-11

-14
-15

-14

-13.
-12.
-11.
.31

-11

-11.
-12.
-13.
.88

14

-16.
-18.
-18.

-18

-15
-14

-14.
.67
.22

-13
-13

-12.
-12.
.82

-1

-11.
-18.
-9.
-9.
44

-1.
-6.
-8.
-5.
-4

-3

-3.
-2.
.84
.87

-1
-1

87
28
81
o7
84
29
a1
78
57
37
18
94
78
44
17
89
58
23

34
8@
22
67
21

11
34
96
13
44

19
14
52

52
14
19

44
13
90

.34
-17.
.91
.94

11

21

8s
M

23
68
89
17

70
94
18
37
57

.78

81
29

81
28
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888 355.88 - 223294E.87 - 839514E.P6 8.232271E.87 -164.82 -9.97
0.00 360.80 - .226230E.87 - 639591E-86 @.234135E.87 -184.15 8.08

s DIRECTION FOR PATTERN NORMALIZATION
1
PROGRAM CHIEF B8 RUN MRBI DATE 19-FEB-9
FREQUENCY:  718.2 RHO= 18¢¢.6 C= 1506.0
SYMMETRY "YPE= ROT NO. OF BLOCKS= 38

VELOCITIES (BLK},AREAJ, REAL,IMAG,MAG,ANG, REAL ZCOAT, IMAG ZCOAT)

1 1 0.192600E.61 0.008000E.0€6 0. 100800E.01 0.0 8.008006E-00 ©.000600E-00
1 2 6. 100000E.01 @ 0802C6C.00 0 108808E.01 §.6¢ 0.006000C.08 ©.000088E.00
1 3 0.106806E.61 0.000008E.-0¢ 0. 102300E.01 8.08 §.000002E-B2 O .000000E-08
1 4 0.108806E.01 ©.000000C-00 €. 100000E.81 8.48 0.000000E.20 ©.080008E-00
1 5 €.100060C-81 ©.000006E.06 ©.100006E-81 .80 §.000000E-00 0.00PPCOE.0D
1 8 9.100004E.01 0 060000E-08 0. 1096000E.01 8.69 0.000000E-00 ©.080008E-00
1 7 ©.199006E-81 0.000000C-00 O 100009E.01 .00 0.608000C-00 ©.00000E-80
1 8 0.100080E.-61 ©.000006E-86 6.102000E-01 g.08 0.800020E-00 ©.600000E-00
1 9 0.108000C.01 0 000000E-06 ©0.100060E-01 §.00 9.000000C-09 &.000020E-00
1 18 §.100800E.81 8.008008E-80 B 100000E.P) .08 §.000080E.80 0. POPOOPE-0D
1 1 0.100000E-01 6 .000000E-06 0. 100609C.01 §.68 §.000000E-00 ©.080080E-00
1 12 0.102008E-81 0.0POEOOE-80 ©.180080E-01 6.68 §.000080E+00 @ 0P000COC-00
1 13 0.329066E-14 6.568012E-13 @.568968E-13 86.67 §.000000E-60 0.100600E-20
1 14 #.243163E-13  0.353485E-13  6.429028E-13 65.47 9.000000E-00 6.100800E~20
1 16 §.312216E-13  0.186352E-13  8.353769E-13 28.85 9.00000CE-2¢ ©.100008E+28
1 18 §.308685E-13 €.175188E-14 ©.381195E-13 3.33 §.600020E-00 ©.100000E+20
1 17 §.238301E-13 -9.855869E-14  8.263197E-13 -19.76 0.000000E-00 0.1060600E-20
1 18 §.146886E-13 -0.141628E-13  0.204044E-13 -43.96 0.060800E+80 0.100000E+20
119 9.439377E-14 -8.155414E-13  9.181585E-13 -74.21 §.800080E.8¢ ©.100008E+20
12 -0.669857E-14 -8.138599E-13  8.147978E-13  -112.62 §.00000€E-00 0.100000E.20
1 2 -0.145778E-13 -6.979933E-14  8.176853E-13 -146.69 0.000060E-00 #.100000E.20
1 22 -§.218270E-13 -8.534356E-14 £.222774E-13 -188.12 0.800000E-00 6.109060E-20
1 23 -8.264G.8E-13 -@.156916E-14 @ .285277E-13 -178.83 0.800P0PE-B8  0.182088E.20
1 24 -0.289v04E-13  0.594412E-16  @.290845E-13 178.83 0.060000E-20 O.100088E.20

ses FULL VELOCITY SYMUETRY e4s
1
PROGRAM CH I EF 88  RUNMRBI  DATE 19-FEB-9
FREQUENCY= 716.2 RHO= 1666.8 C= 1608.0
SYMMETRY TYPE= ROT  NO. OF BLOCKS= 3@

SURFACE PRESSURES (BLK§,AREA}, REAL,IMAG,MAG,ANG)

1 1 6.135092E-87 @.137472E+66 €.135790E-87 5.81
1 2 §.136950E-87 @€.181612E+86 0.138149E-87 7.86
1 3 6.148664E-07 0§.234871E-686 ©.142611E.87 9.48
1 4 6.145111E.87 6.366383E-86  §.148319E-07 11.92
1 5 9.148962E+87  ©.396436E+88 9.154141E.87 14.86
1 6 0.150868E+87 @.490214E-86 8.158819E-87 18.21
1 7 0.149497E.87 9.5008979E-88 9_161058E-87 21.83
1 8 §.143898E-87 6.698126E+68 0.169591E+87 25.62
1 9 §.133693E.87 0.752193E-88 9.153313E.87 29.38
1 160 0.118709E-87 @.783408E+88 9.141137E.87 32.74
1 11 8.900008E.08  0.894102E-88 8.121727E.87 34.77
1 12 9.787446E-86 0 .483764E+86 8.924144E+86 31.56
1 13 9.566012E.98 -8 329650E.85 9.566988E-88 -3.33
1 14 @.353485E+88 -0.243163E-86 9. 429626E-66 -34.63
1 16 9.166362E.06 -0.312216E+868 §.353769E+08 -81.96
1 18 9.175188E.856 -B.389686E+-$6 ©@.381195E-88 -86.687
1 17 -0.855669E.86 -6.238301E-668 & .253197E.86 -109.76
1 18 -8.141628E-86 -6 148886E-86 §.204844E-08 -133.98
1 19 -@.166414E.86 -8 430377E-65 @.161508E+88 -164.21
1 20 -@.136599E.068 #.589967E-85 @.147978E-088 167.38
1 21 -0.979933E.86 8 .145778E+066 @.175653E-086 123.91
1 22 -8 534365E.66 0.216278E-86 §.222774E-86 183.88
1 23 -9.165916E-85 ©@.204818E-86 9.205277E.86 93.37

14
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1 24 B.594412E.84 9 789584F-98 9. 008245886 84.83
s3s FULL VELOCITY SYMMETRY ss+

POWER QUT(KW)- 7958 778
1

PROGRAM C H I E+ 5 8 RUN ¥9BI OATE 19-FEB-9
FREQUENCY=  718.2 R40= 1€66.6 C= 1580 @
SYMMETRY TYPE= ROT NO. OF BLOCKS= 28
FAR-FIELD PRESSURFS { PHI THETA FFP(Rl T, NAC

ANG) NORMALIZED PATTERN, SOURCE LEVAL, 01 )

0. 92 2.06 - 218313E.67 - 30083¢L.88 @ 228426£.87 -184 82 9.00
0.00 5.80 - 216523£+27 - d81108E.68 8.224712E-87 -184 48 -0.97
8.8 18.98 - 211282E-67 -.692237E.86 6. 219898E.€7 -184.89 -8.28
.88 15.80 -.202958E+87 - 6038J9E-86 B 211743E.87 -183.44 -6.58
.86 20.090 - 192112E.87 - . 804498E.08 ¢ 291398E.87 -182.53 -1.02
8.86 26.88 - 179443c.87 - 803972E-#8 @ 189335E.-87 -181 448 -1.55
#.86 38.68 - 188744:.27 - idwd>3E.88 8. 17€260E.67 -188.87 -2.18
9.88 35.88 -.151637E-87 - .594323E.98 @.162868E-87 -158.88 -2.86
#.86 49.68 - 137904C-87 - 5B2973F.98 9. 149722E.87 -157.88 -3.59
9.80 45.80 - 125Q48F+87 - 56523.E.98 #.137208E:27 155.85 -4.35
#.6¢ b58.88 - 113462C+€7 - 542414E-08 0.125781E+87 -154.45 -5.11
9.66 55.846 - 183383C+47 -.511918E.-88 @ 115367E-87 -153.88 -5.86
6.00 68.80 - 940194C488 - 474217E-98 @.108186E-87 -153.46 -6.58
9.80 B85.8@0 -.888248E+86 - 4204796.88 0.979428E.88 -153.99 -7.28
8.2 78.80 - .8258740.86 - 37R196E-85 9. G@BLBBE-AB -155.39 -7.94
9.0 75.89 - .783375£.86 -.321181E.98 @ .8466861E-88 -157.71 -8.54
.80 B88.86 -.750675C+86 - 259583E.88 9 794298E.88 -166.92 -9.18
0.88 85.08 - 724548E.86 - 194771E+286 #.758288E+86 -184.95 -9.59
8.98 90.88 - 761752E.88 - 128293C+88 B.713383E+86 -189.684 -18.83
.88 95.80 -.878962E-86 -.817986E-856 8.681767E+88 -174.88 -10.43
9.88 100.83 -.852848c+88 @.369076E+-84 B .652847E488 179.73 -10.868
9.68 105.00 -.829158E+86 6.847910E.85 @&.623525E.868 174.64 -11.28
8.8 116.860 - 577483E-88 @ 121919E.88 @ 508585E.48 168.89 -11.87
.89 115.88 -.&'? .89C-68 B.173327E+88 9.551266E+86 181.87 -12.27
8.80 120.88 - 454364E+88 0 218166E-08 @ 564827E+-86 154.35 -13.85
9.80 125.88 -.369681E+.86 0. 255928E-P8 @.449626E+88 145.31 -14.84
§.6¢ 130.88 - 288939E.08 @.288468E.06 @ 392922E.88 133.19 -15.21
8.88 136.84 - 153882E.-88 @ .309961E-P8 8 345782E-88 116.28 -18.32
0.00 149.80 - 245133t+85 @.326947E-86 @6 327865E-08 94.29 -16.78
9.80 145.88 ©.112824E-86 ©.338287E-#8 @ 358529E.068 71.56 -16.88
9.60 150.00 © 253512E+-868 © 344729E-88 . 427909E+88 53.87 -14 .47
0.89 155.64 @.399911E-88 @ .347622E+88 @ 523118E.88 41.65 -12.73
9.80 166.80 ©.5176817E+88 @.348828E+86 @ 823748E-98 33.92 -11.28
6.00 1865.09 ©.620080E-08 @.347832E.868 @.715826E-86 29.88 -16.08
.60 178.88 ©.789337E-86 @ .345578E.66 6. 7890319E.88 25.97 -9.18
8.8¢ 176.86 9.761749E-P8 6. 344398E.#8 @ 835985E.£8 24.33 -8 .85
0.90 180.00 @.779648E+88 ©.343956E-86 ©.852144E+06 23.81 -8.49
8.08 185.60 9.781749E+88 ©.344397E-86 @.835985E+28 24.33 -8.66
8.0¢ 148.60 ©.789337E.88 @.345578E-86 #.789039E+68 26.97 -9.18
8.88 195.06 0 626868E-P8 ©.347032E.88 B.715826E+0€ 29.08 -16.06
.98 2086.66 © . 517817€.68 ©.3480828E+868 @.623740E+86 33.92 -11 26
6.60 205.00 ©.390912E+86 B.347822E.86 B.523118E+06 41.85 -12.73
9.80 218.88 # 253512E+88 8.344720E.88 @ 42799988 53.87 -14.47
6.88 215.08 ©.112826E-88 ©.338207E+88 @.358529%:-86 71.65 -18.88
8 88 226.68 - 245138E.-85 ©.326947E.85 ©.327885E-86 94.29 -18.78
9.8¢ 225.80 -.153082E+66 ©.309961E.86 #.345792E-86 116.28 -18.32
0.68 230 €6 - 288939t.86 @.288460t.86 ©.392922E-88 133.19 -15.21
8.60 235.80 - 369881E.86 © 255928E-88 ©.449626E+088 145 31 -14.84
.08 242 .80 - 464384L.86 @ .218166E+88 &.504@27C-88  154.35 ~13.86
#.68 245 .86 - 523369E-86 @.173327E.-88 ©.551268E.86 161.87 -12.27
9.60 250.8¢ - 577863F.-88 @.121919E.98 @ 590585E.668 188.89 -11.87
.60 25500 - 826168E-86 @.647918E.05 @ .623525E486 174 84 -11.28
@ 06 260.88 - 8b2849E-86 @ 389863F.94 @ BS2B4TE.B6 179 73 -10.86
.00 266 80 - B878981E+88 - B17995E.86 @ .681767E+88 -174.88 -18.43
0.06 270 €8 - 701762E+86 - 128292€.86 6.713383E.-88 -169.84 -10.83
.88 275 88 - 724548E+06 - 194778E.86 @€.750268E.88 -164.95 -9.59
.09 209 @8 - 753874C-85 - 209583E-68 @ 794285E4P3 -160.92 -9.1¢
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9.00 285.68 - .783375E.86 -.321181€+08 ©.846660E+06 -167.71 -68.54
§.06 200.00 - 026874E-06 -.378196E.-06 ©.908188E+86 -155.39 ~7.94
9.08 295 06 - .B89248E-86 -.429478E+88 @ .979425E.06 -153.99 ~7.28
B.00 308 .88 - O40104E.88 - 474218E-88 0. 106108E+27 -1i53.45 ~8.58
§.60 366 60 - 163388E-07 -.511910E-88 &.116387E-87 -153.68 -5.88
5.80 3818.80 - .113462E+87 -.542414E-88 ©.125781E+B7 -1b4.45 ~5.11
0.66 316.86 - 126848E+87 - 565938E-068 0.1372b8E«07 -156.85 ~4.35
9.88 2326.86 - .137984E-87 - .582973E.868 ©.149720E.87 -157.08 -3.59
§.60 325.66 -.151637E-87 -.584322E.88 @.162888E+87 -156.80 -2.86
6.068 338.60 - 1657P4E-87 - .G@O96BE-86 ©.176286E+87 -168.97 -2.18
6.00 335.88 - 179443E.87 -.683972E+-88 @.189334E.07 -151.48 -1.86
.00 348.00 - .192112E.67 - 684498E.08 @ 201398E.87 -182.53 -1.82
9.84 345.68 - 202958E.87 - 883608c-88 £.211743E-87 -163.44 -8.58
0.8 356.80 -.211282E.-@7 -.862237E+86 @.219698E-87 -184.89 -8.28
0.66 355.8¢ -.218523E.87 -.681108E-88 ©.224712E.87 -164.48 -8.87
9.00 3808.08 -.218313E-87 -.6@C8HE.88 @.226428E.87 -164.82 8.08 » 247.1 7.29
+ DIRECTION FOR PATTERN NORMALIZATION

The agreement between the far-field directivity pattern computed by the
technique described by Butler [2] and the modified CHIEF program is so close
that no differernce would be discerned from a plot of two sets of data. Hence,
the data is listed in tabular form in Table 1.

16
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Table 1 - Directivity Patterns For Three Different Impedance Values.

]
‘ Surface Z = 2.0 Surface Z = fc Surface Z = RIGID
Bearing
Angle Modified Modified Modified
Ref. (2) CHIEF Ref. (2) CHIEF Ref. (2) CHIEF
2° 0.9 48 2.9 dB 2.0 dB 0.8 dB 2.8 d8 2.0 48
i 10° -g.4 4B -2.3 dB -2.3 db -8.3 dB -@.3 dB -8.3 dB
20° -1.2 dB -1.2 dB -1.1 dB -1.1 dB -1.1 4B -1.2 4B
3e° -2.8 d8 -2.7 dB -2.2 dB -2.3 dB -2.2 dB -2.2 48
42° -4.4 dB -4.4 d8 -3.6 dB -3.8 dB -3.8 dB -3.8 dB
50° -8.1 dB -8.2 dB -5.2 dB -5.4 dB -5.1 dB -5.1 dB
8a° -7.7 4B -7.9 dB -8.9 dB -6.9 dB -8.7 dB -6.8 dB
70° -9.1 4B | -9.5 dB -8.3 dB -8.4 dB -8.1 d8 -7.9 d8
se® -11.8 dB -11.1 dB -9.6 dB -9.9 dB -8.9 dB -9.1 dB
9g° -12.8 dB -12.7 dB -11.9 dB -11.2 dB -18.8 dB -10.¢ 48
162° -14.4 dB -14.3 dB -12.9 dB -12.3 dB -10.8 dB -18.8 d8
118° -16.9 4B -15.8 dB -13.0 dB -13.2 dB -11.2 d8 -11.7 dB
122° -17.8 dB ~17.3 dB -14.0 dB -14.2 d8B -13.0 dB -13.1 d8
13g° -19.5 d8 -19.9 d8 -15.8 dB -15.9 dB ~-16.7 dB -16.2 dB
142° -22.4 dB -21.2 dB -18.7 dB -18.3 dB -18.2 d8B -18.8 dB
150° -22.4 dB -22.8 dB -17.5 d8 -18.1 dB -14.5 d8B -14.6 d8
180° -20.8 dB -21.1 dB -14.7 dB -14.7 dB -12.1 dB -11.2 dB
170° -19.6 dB -18.9 dB -12.3 dB -12.1 dB -9.6 dB -9.2 d8
188° -18.9 dB -18.1 dB -11.5 dB -11.3 dB -8.6 dB -8.6 dB
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Fig. 2. Representative directivity patterns for a o8’ uniformly vibrating polar cap on
an impedance-coated sphere for the values of the impedance given in Table 1.
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Sample Ruu 2: Impedance Coated Wedge With Spherical Source

This sample computes the accustic radiation from a spherical source near a
wedged-shape surface covered with an impedance material. The interesting part
of this example is that the geometry is generated using equation sets 6
(spherical region), 1 (rectangular planar region), and 10 (finite element
inputs).

Fig. 8. Spherical source near a wedged-shaped baffle.

Program Listing of Sample Run 2

C Program WEDGETES
C WEDGE WITH VIBRATING SPHERE

C (COMMON VARIABLE DECLARATIONS GO HERE)

COMPLEX PMATX(14884), YNMATX(14884)
MOSIZE = 14884

RUNID = 'WEDG’
DATE = '23-0CT-9¢’
CALL INITCM

CALL OPNSFL

RHO = 1000

C = 1688

Cossnsnsansensss impedance coating modifications sseresassesaens
NMZ = 9
N=1

19




Thompson, Dubus, & Siders

C ---- clear impedance for sphere
D0 16I=N N+-(8 +4 )-°
ICOAT(1) = CMPILX(0.98, ©.8)
18 CONTINE
K=N+B +4 )

C ---- clear impedance for SIDEl
DO 28 I=N N+ (3 8 )-1
ZCOAT(I) = "NPLX(B.8, 8.8)
20 CONTINUE
N=N-+(3 8 )

C -~-- clear impedance for SIDE2
D0 38 I =N N+ (B ¢3 )-1
ZCOAT(I) = CMPLX(8.8, 8.8)
3¢ CINTINUE
N=N+ (8 +3)

C ---- clear irpedance for BOTTOM
DO 43I =N N+ (3 +3 )-1
ZCOAT(I) = CNPLX(0.8, B.8)
40  CONTINUE
N=N+(3 3 )

C ---- clear impedance for FE SIDEl1
DO 68 I =N, N+ (1 s18) 1
2COAT(I) = CuPLY (8. €, 6 @)
58  CONTINGE
N=N+ (1 «18)

C ---- clear ismpedance for FE SIDE2
DI 60 1I=N N+ (1 +18) -1
LWOAT(I) = CuPLX (8.0, ©6.8)
66  CONTINUE
N=N+ (1 »18)

[ load i1mpedance for SENSOR
00 761 =N N+ (3 3 )-1
ZCOAT(I) = CMPLX(.3e8 , 8.0 )
78 CONTINUE

N=N-+ (3 3 )
Cesensnnanes ond of impedance coating modifications sseexrsnsesse

OPEN (UNIT=NUNPRT  FILE=RUNID//’.OUT" , STATUS="NEN,
1 FORM="FORMATTED')

C symmetry inputs

PI = ACOS(-1 8)
SYMTYP = 'REF’
NBLKS =2 s0 2
IRHSYM =1
CONVERT = 1.8

C Surface Region inputs

ROTLIM = PI / NBLKS
XIRG = 8

011-=
ce()
1 CONTINUE

1, 10
=89

p021=1,3
TRRS(I) = 0.8
2 CONTINUE

€ -- ----- sphere  ----eo---
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ANSEONS - A
CC( 1) - @@9525 a2 CONVERT
002) e CCDaCer

R RR ‘B OABESpBY ¢ LONVERT

A

(RNS(2) = {9 285+8d) » LONVER™
IFWS(S) = {@.885.99) s CONVERT
XIZAX = .3
XS =9
XSl = 3 1415926
XSV = 0 200000
X3¥U =1 572798
XMSL) =R
WADY ca
XIORDU = 4
X"‘r = 4
= XIRC + 1

QA&_ LOSURR( 1RG, XNSEQNS, CC, TRNS, XIZAX,
: XS, XSWU, XSVi, XSVU, XNSU, XNSV, XIOROU, XIORDV)

€ o ae siper L]
CCCt) = BEg8 + CONVERT
TRHS(1) = {6 8GE-p8) s CONVERT
IRNS(2) = (8 88U+88) « CONVERT
TRNS(3) = {.6288.98) » CONVERT
XTI =
Su. =8 » CONVERT
G = 8588 » CONVERT
s = « CONVERT
FSA0 = 123825« CONVERT
XU = 3
ANSY = 8
XIOROU = 4
XIGRPV - 4

XIRG = XIRG + 1
CALR LDSURR(XIRG, XNSEQNS, €C, TRNS, XIZAX,
XS, XSO, XSVL, XSVU XVSU XNSV XIORDU, XIukOv)

[ T8 L
XNSEQNS = 1
(1) = 8588 + CONVERT
TRNS(1) = (8 @BE-@8) « CONVERT
TRNS(2) = (8 BBE.@8) » CONVERT
TRNS(3) = (.2288+88) s CONVERT
KIZAX = .2
Ly o=@ s CONVERT
X5 = 123825« CONVERT
SV =@ + CONVERT
ASYU = @508 » CONVERT
XNSU = 8
XNSY -3
XIOROU = 4
XIOROV = 4

XIRG = XIRC . 1
Cho LSJRROXGRG, XNSEQNS, CC, TRNS, XIZAX,
! XSUL, XSWJ, XSVL, XSVU, XNSU, XNSV, XIORDU, XIORDY)

C----eom-BOYICM Ll
XNUITNG = 1
CCry = 25228 + CONVERT
TANG(1) = (8 98E-88) s CONVERT
NS 2, = (8 9A€-88) ¢ CONVERT
TR = (0 A3 g8, e CONYERT
RilAX 2 3
X5 -8 + CONVERT
) SV < @254 + CONVERT
FSEH -9 » CONVERT
Ly 8588 s CONYERT
Xhe s -3
AN -3
X'VL’:(‘ 4




Thompson, Dubus, & Siders

XIOROV = 4

XIRG = XIRG + 1 ,

CALL LDSURR(XIRG, XNSEQNS, CC, TRNS, XIZAX,

1 XSUL. XSWU, XSVL, XSVU, XNSU, XNSV, XIORDU, XIGRDV}
— FE SIDEl  —meemmee-

XNSEQNS =18

(1) =8 s CONVERT
(2 =9 * CONVERT
TRNS(1) = (9.86E-80) « CONVERT
TRNS(2) = (9.08E+88) « CONVERT
TRNS(3) = (8.88E-88) « CONVERT
XIZAX = +3

XSUL = -1

XSW =1

XSVL = -1

xsw =1

XNSU = 1

XNSV = 1

XIORDU = 4

XICRDV = 4

C Read in coordinate and olement data.

ICO0R = 6

OPEN(UNIT=8,FILE=' IOMAGC.WED’,STATUS="0LD’ FORM='FORMATTED’)
1481 READ(S, 1462, ERR=1483) IDUM, (COORDS(IDWM,J),J=1,3)
1482 FORMAT (BNI18,3(BNE16.8) )

IF (IDUM .GT. ICOOR) ICOOR = IDUM
IF (I0UM .GT. MAXCOR) THEN
WRITE (8,%) 'Error: Coordinate index in coordinate ' //
. ‘data is greater than MAXCOR.’
STOP
END IF

GaT0 1461
1483 CLOSE(8)

C Display coordinate data.

WRITE(NUNPRT, 1487)
1487 FORMAT (1H1,’ COORDINATE DATA’,/[)
D0 1489 I = 1, ICOOR
WRITE(NUNPRT,1498) I, (COORDS(I,J),J=1,3)
1488 FORMAT(I5,6X,3E16.4)
1499 CONTINVE

166 =8
OPEN(UNIT=8 FILE=' I0ELMS.WD1’,STATUS="0LD’FORM='FORMATTED")
1484 READ(B, 1485, L4R=1496) IDW, (IELTS(J,TELEM.1),J=1,8)
1485 FORMAT (T7,9{BNIS) )
TELEM = BB+ 1
GOTO 1484
1486 CLOSE(8)

C Display element data.

WRITE(NUNPRT, 1418)
1418 FORMAT(//,’ ELEMENT DATA’,/)
D0 1412 1 = 1, 1B.BM
FRITE(NUNPRT, 1411) 1, (IELTS(J,1),J=1,8)
1411 FORMAT (IS5, 16X,816)
1412 CONTINUE

06 1414 1 =1, IELEM
D0 1413 J =1, 8
Q) = IBLTS(, 1)
1413 CONTINUE

XIRG = XIRG » 1
CALL LOSURR(XIRG, 18, CC, TRNS, XIZAX,
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1 XSUL, XSUU, XSYL, XSVU, XNSU, XNSY, XIORDU, XIORDV)
1414 CONTINUE

G FZSIDEZ mememee-

XNSEQNS
I8!
cel 2)
TRNS (1)
TRNS (2)
TRNS (3}
X1ZAX
XSUL
XSwJ
XSVL
XSVU
XNSU
XNSV
XI0RDU
XIORDY

CONVERT
CONVERT
CONVERT
CONVERT
CONVERT

16
8
8
(8.08E-28)
(9. 6EE+00)

(8.68E-20)

3
-1

R N Y

U T T I L TR 1]

F LI T 7 N I A N ¥ I P
—

[ELEM = 8
OPEN(UNIT=8,FIL.E=" IOELMS.WD2',STATUS='0LD’ FORM='FORMATTED’)
1584 READ(8, 1685, ERR=1586) IOUM, (IELTS(J,IELEMs1),J=1,8)
1585 FORMAT(T7,9(BNI5) )
1660 = 166+ 1
GOTO 1504
1586 CLOSE(8)

C Dispiay siement data.

WRITE (NUNPRT, 1518)
1518 FORMAT(//,’ ELEMENT DATA’,/)
DO 1512 1 = 1, IELBM
WRITE(NUNPRT,1511) I, (IELTS(J,I),J=1,8)
1511 FORMAT (16, 18X, 8I5)
1512 CONTINUE

00 1514 I = 1, IELEM
D0 1513 J =1, 8
ccd) = IELTS(, I)
1513 CONTINUE

XIRG = XIRG + 1
CALL LDSURR(XIRG, 18, CC, TRNS, XIZAX,
1 XSUL. XSUU, XSVL, XSVU, XNSU, XNSV, XIORDU, XIORDV)
1514 CONTINUE

[ 2 s ——
XNSEQNS = 1
€C( 1) = .8286 « CONVERT
TRNS(1) = (8. BGE+88) » CONVERT
TRNS (2} = (8 @8t+@8) » CONVERT
TRNS(3) = (8.88E+88) » CONVERT
XIZAX = -3
s =8 + CONVERT
XS = @508 ¢ CONVERT
XSv. =8 + CONVERT
XSVU = 8568 « CONVERT
INSU =3
XNSY ki
XIORU - 4
XIORLY - 4

XIRC = XIRG - 1
CALL LDSURR(XIRG, XNSEQNS, CC, TRMS, XIZAX,
1 XSUL, KSUU, XSYL, XSVU, XNSU, XNSV, XIORDU, XIORDV)

NSRFG = X1RG
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CALL PLOTCHIEF (RUNID, NBLKS, SYNTYP, 1, 38.0, 60.0, 9.8)
CALL PRTOUT('GEOM', 1)

Define Frequency input.
DO 99 FREQ = 2008 , 3008 , 1000

Generate surface P and V matrices.
CALL SURMAT(FREQ, SYMTYP, NBLKS, PMATX, VMATX, MDSIZE)
CALL PRTOUT(’AREA’ 1)

Decompose Matrices
CALL DECOMM(SYMTYP, NBLKS, IRHSYM, PMATX, VMATX, MDSIZE)

CALL IGSUB(NOVELS, 19, VEL, 6)
Block § 1

vaL( 1) = (1.6860, §.0808)
VEL( 2) = (1.0060, 8. 0968)
vEL( 3) = (1.6666, 6.0866)
VEL( 4) = (1.e860, 6 0886)
VEL( 5) = (1.0060, 8. 8688)
VEL( 8) = (1.0668, 6.9060)
vEL( 7) = (1.e6000, & 8606)
VEL( 8) = (1.0860, 8. 9060)
vEL{ 9) = (1.e080, 6. 8060)
VEL( 18) = (1.0609, 0. 8666)
VEL( 11) = (1.0088, 6 se88)
VEL( 12) = (1.0088, 8. 8008)
VEL( 13) = (1 2008, B.0009)
VEL( 14) = (1.0008, 0. 0000)
VEL( 15) = (1.0098, 5.0006)
VEL( 18) = (1.0080, 8.0008)
VEL( 17) = (1.0668, §.0006)
VEL( 18) - .1.8006, & 0006)
VEL( 19) = (1.0008. 8.8099)
VEL( 26) = (1.0060, 6.9009)
VEL( 21) = (1.0688, ©.0008)
VEL( 22) = (1.068, §.6066)
VEL( 23) = (1.6680, ©.0609)
VEL( 24) = (1.8660, 6. 0668)
VEL( 25) = (1.0008, 6.0004)
VEL( 28) = (1.0668, §.0084)
VEL( 27) = (1.0864, §.6000)
VEL( 28) = (1.0860, #.0004)
VEL( 29) = (1.8000, §.800¢)
VEL( 30) = (1.0668, 8. 6088)
VEL( 31) = (1.0088, 5. 0008)
VEL( 32) = (1.0088, 0.0006)
VEL( 33) = (8.0080, 5.0004,
VEL( 34) = (8.0008, 8. 0080)
VEL( 35) = (9.0680, 0. 080E)
VEL( 38) = (6.9688, 0.0008)
VEL( 37) = (0.0068, 9. 060¢)
VEL( 38) = (0.0606, §.0008)
VEL( 39) = (6.0980, 9.060¢)
VEL( 48) = (0.0080, §.0080)
VEL( 41) = (0.6000, 5.0666)
VEL( 42) = (9.0008, 5.0089)
VEL( 43) = (8.6008, 8.0000)
VEL( 44) = (0.0060, ¢ 0008)
VEL( 45) = (0.0808, 0.0080)
VEL( 48) = (0.0066. ¢ 0896)
VEL( 47) = (0.0080, ©.6008)
VEL( 48) = (9.0609, 0.0060)
VEL( 49) = (0.0008, 9. 08800)
VEL( 58) = (9.0080, 8. 688¢)
YEL( 51) = (9.9008, 8. 2900)
VEL( 52) = (0 Peos, 6 5eA9)
VEL( 63) = (6.9600, ¢.6009)
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. 9"“0&1)
3 A254)

VEL{ 73) -
VEL{ 7s) =
Vi =
ye( 's) =
VEL{ 77 )=
VEL{ 2

39
VEL( 90" = !
VEL( 91% = 74 dous

YEL 80 = CERge)
VEL( 93} = b APEY)
VEL( G4 = ? . 5208
VEL{ 85, = . peng)
VEL( 96) = £ 4588)
VEL( 87) = (#6873, & 9008)
VEL{ 98) = (p.&d¢e @ 2088)
VEL{ 99) = (¢ P48, @ 0PEH)
VEL(168) = (7.000¢ ¢ _Geas
VEL{1di) = (d.beedt, b bodd)
YEL(192) = (&.06%y, 6.8660)
VEL (183} = 18 vfds, 6.0068)
VEL(184) = (# ¢9ae @ 5R08)
VEL(185) = 6.£068)
VAL (1v6} = ¢. 8908)
VEL(187) = #.080p)
VEL(108) = ¢.(798)
VB {189) = RS
VEL(118) = f.06088)
VEL{111) = €.0898)
VEL(112) = £.ee28)
VEL(1I3) = £.re88)
VEL (114 = voEE
VEL (118} = v .Pagd)
VEL(118) = (& ¥ ¢.fuan)
ye. (i - R
VOL(318; = (% & ¢.6dvd)
Ve (118 - 6.0432)
VL (1ee) - #.€38¢)
ver (let) - € 0799)

# 2240)

Ve (i23) - oz
(AL IBSUB(M Y 1. b, NWDVEC)
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C Generate Surface Pressures.
CALL SURPRS(FREQ, SYMTYP, NBLKS, IRHSYM, PMATX, VMATX, MDSIZE)
CALL PRTOUT(’VEL',1)
CAL! PRTOVT('SP’ 1)

FLOTYP = 'FAR '
NUMTHP = 19
DO 25 I = 1, NUMTHP
THTPRI(L, 1) = (1 - 1) » 18
THTPYI(2, I} = 3.5
25  CONTINVE

F)

C Calculate FAR Fieid Matrices
CALL FLDMAT(FREQ, SYMTYP, FLDTYP, NBLKS, PMATX, VMATX, MDSIZE)

IFFNRM = 8

C Calculate Far-Field Pressures.
CALL FLDPRS(FRER, FLOTYP, NBLKS, IRHSYM, PMATX, VMATX, WDSIZE)

CALL PRTOUT(FLDTYP, @)
99 CONTINUE

STOP
END

Qutput Listing of Sample Run 2

1 COORDINATE DATA

1 9383648 0.5086E-81 §.1624E+00
2 §.482i1C 48 ¢ .5080E-81 0.1894E+80
3 §.5620E-08 #.5086E-91 §.1863E-80
4 §.8812E-08 #.5080E-91 9.2032E-80
6 #.7645E-98 #.50806E-01 #.2202E89
8 §.8597E-08 8. 5088E-81 §.2371E+88
7 8 .9596E-08 2.5080E-61 §.2540E-00
8 #.1693E-81 #.5066E-01 6. 1524E-00
9 #.15652E-01 9.5684E-81 8. 1894E-p0
10 §.1411E-81 8.5088E-81 §.1863E+89
11 9.1278€-81 2.5688E-81 8.2032E-88
12 0.1129E-61 @.5888E-01 §.2202E+80
13 §.9878E-92 ©.65088E-81 8.2371E+00
14 8.8487E-82 6. 5888E-91 B.2540E+09
16 §.3387E-81 # 50#86E-81 §.1524E+00
18 §.3104E-81 8. 5080E-€1 @.1694E-00
17 9.2822E-81 §.5680E-81 §.1863E+88
18 #.2648E-01 ©.5880E-81 9.2032E-00
19 @.2258E-81 0.6088E-81 8.2202E+80
2% @.1976E-81 6.5080E-81 9.2371E+00
21 8.1893E-61 #.5880E-81 8.2549E+00
22 8. 5680E-81 ©.5080E-81 9.1624E+80
23 8.4857E-01 §.5088E-81 2.1894E+089
24 §.4233E-01 9. 6086E-91 0.1863E+69
25 §.3818E-81 ©.5880E-61 8.2032E+80
28 §.3387E-01 8.5886E-81 9.2202E+00
27 9.2963E-81 8. 5088E-81 #.2371E.08
28 §.25640€E-81 # . 5080E-81 9. 2648E.088
29 §.5080E-01 9.3387E-01 8.1524E+80
a8 9.4857E-91 8.3387E-81 9.1894E.98
a1 @ 4233E-81 8 3387E-01 ¢.1863E.88
32 #.3810E-01 §.3387E-61 §.2632E.00
a3 8.3387E-01 0.3387E-81 8.2202E.00
34 §.2963E-81 9.3387E-81 §.2371E-80
35 §.2640E-81 € 3387€-81 8.2640E.20
a8 # 50080E-01 ¢ 1893E-91 6.1524E.00
37 @.4667E-01 9 1893E-01 #.1684E.00
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3as 0.4233¢8-0. 2.1 g 6.!
39 6.30/9E-8. [ -g° 6 7e57k- 8¢
49 #.3387C-¢ g.l -8 6 2v%c. 8¢
1 8 2983E-§: 2 3 ¢ 7371t.8¢
42 9 28420-2° & 1L -¥ g 202208y
43 @ 5pBBE-¢: 8 1L Al ¢ @ 1574598
44 B.4857E-1: 6 i 44 2 1604L.85
45 0. 4233E-8: g 1L &l g 21 + 99
48 g 38ifE-A: [: B SERL IR [ 2. 2932E.82
47 0.3387E-5. Al A B 2 20¢2E-¢8
44 v.evu3t-0. b.yr 2t-po 9 23 1000
49 8.2548E-6: 2.l AT @ 9 25<8E.9¢
ELEMENT DATA
1 i A “ ¢ B 2
2 J 3 N & 3
3 s d it t ¢ $ L2}
4 b L 3 & [ 4
5 N ¢ = . . -
6 u 2 K B
7 g 3 ¢ * g 4 3
8 9 A " : & ¢ 2
9 9 it 2 K 2 ) 3
18 11 12 4t i é 2 [4
11 2 13 22 b [ g 2
12 n3 14 " * 9 L} 3
13 13 7 3 A 2
14 . ! ' v
15 1’ Y B 3 a &
16 18 IS Ta > N 3 g é
17 9 M g7 i o El 4
H 20 A 78 ! 4 z d [}
19 27 23 38 3 ] a 3
28 23 24 3 4 a & 2
21 28 25 32 3 b 8 il 2
22 27 . : B i S
23 In = ® 7 B ?
24 27 2" 3% 3 2 E g
25 23 33 37 3 3 2] 3 2
26 3¢ 3 3a Ed 3 4 [
28 32 33 id A8 : b 3 #
29 3 3¢ 4 L t 9 B 3
39 34 33 47 ) A 2
31 ©RY ! 3
32 37 i3 4 3 4 E} ]
33 38 39 45 2 & ]
34 35 40 47 S @ 2
35 44 & 40 . ¢ 4 2
38 4! % <y ! 3 A 4
1
PRIGFAM © o 17 - 6 3 RUN WEDG DATE 23-0CT-9
REGION  NSEQNS 55U NSV SR S SYL Svu I0RDRU  IORDRY
! 8 3 4 g 7338 .98 @ 3.41520.81 ©8.000800c.90 @ 157880E.81 4 4
- 2 1 3 5 @ 7 enga g3 9 LUBPd--81 0.000000E.-98 @ 123825E.08 4 4
3 1 3 g @ dudd @8 3.1 °3825+08 0.00PPOOE-P8 @ 588P8RE-01 4 4
4 1 3 3 8 {9904 -00 @ 274000%-61 ©.00000CE-00 O 58BP8BE-081 4 4
5 19 i 1 . PPOBE .81  #.1¢0688-.P1 - 10P000E.-P1 ©.109008E.0] 4 4
8 19 Bl - AR L8l 8 1008840.81 -.100009E-81 @.10068PE-81 4 4
7 18 ¢, 7 08A8: 81 -.189808E-01 3. 106008E.081 4 4
8 18 i ) 9. 144008c.82 -.100680E-81 @.1006800C-D1 4 4
9 i@ 1 1 ¢ 100806+ .8! -.100008E.981 @, 10P0G0E.D] 4 4
18 18 ! 1 S 1900081 81 -.100906£+81 0. 198008L+P1 4 4
11 19 i - ¢ 106098t .01 -.190006E-8]1 ©.100009EC.81 4 4
12 18 { - g 17efeer.g] -.109000E-8]1 @.100000E.81 4 4
13 18 i ! 2 179008F .01 - . 100800c+.81 6. 100060C.81 4 4
4 ig g 17393a: +8! - 198884E-81  @.1088806C-01 4 4
5 i0 - ¢ 49etd 8] - 106208E-21  @.17088AE.61 4 4
o

¢
=~d4
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. 100808E+81
. 108080E+61
. 180680E.01
. 168606E-91
.108000E+81
. 1680006E+81
.1060006E+01
.109068E+81
.108000E+9)
.180008E-+01
.100880E+01
.108808E+81
.160060E-81
.108000¢t+01
.190006E-91
. 106800E+91
.180880E+01
. 180600E+91
.108000E+91

~.100808E-81

168 19 1 1 -.108080E.-61 @.100080E.01
17 18 1 1 -.100000E.-81 & 180000E.8)
18 18 1 1 -.190000E-81 # 160000E.01
19 10 1 1 -.100088E.81 ¢ 100000E.81
29 19 1 1 -.100082E-81 0. 106800E.81
21 16 1 1 -.108006E-81 & 100008E.01
22 19 1 1 -.108000E-81  8.100008E-81
23 16 1 1 -.100806E.01  0.108068E-01
24 18 1 1 -.1008086E-01 @.108800E.81
25 10 1 1 -.100008E-81 €.100800C.81
26 10 1 1 -.108996E-01  §.1988008E+01
27 18 1 1 -.100009E.01  £.100802E-.91
28 18 1 1 -.100088E.-01 6. 1900080E-81
29 18 1 1 -.100880E-01 8 1808600C-01
38 19 1 1 -.100000E+81 £.100086E.01
3 19 1 1 -.108008E+-81 £ 180089E+81
32 18 1 1 -.108000E-01 @ 100808E.01
33 18 1 1 -.100800E+81  0.198000E.P1
34 19 1 1 -.180800E-81 ©.126000E.01
36 18 1 1 -.100600E-061 ©.108000E.01
38 19 1 1 -.100006E+-01 @ 108800C.01
37 18 1 1 -.1868660E.01 @.108000E-81
38 18 1 1 -.180006E.01 £.100006E-081
39 10 1 1 -.160008E.81 @ 100066E-81
40 18 1 1 -.100000E.81 @ 100068E.01
41 1 3 3 0.680000E.08 @ 50608PE-01
REGION - TRANSLATION (71,72,73), IZAX
1 §.9000800E.00 0. 000PCOC-006 0. E000COC-08 3
2 0.0080000C-60 ©O_080008E.08 @.286000E-81 1
3 #.688000C.00 0 08000006 £.20600PE-01 2
4 0.500000E-00 0 908000E-08 0 000000E.08 3
5 0.000086C-08 ¢ 00000OC.66 @.000000E-00 3
8 0.080000E.-00 2 0C2800C.00 0.000000E-00 3
7 0.000006C-00 0 000080C-00 0 660000C.00 3
8 0.000000E-08 0 OUOCOOE.60 O 209800E-00 3
9 0. 000000E-8- 0 P0BOOCE.B6 6. 003000590 3
19 0 .900088E-0¢ 9 080000C.0¢ 6. 000006E-80 3
11 6.000000E-80 0 OO000E-06 0. .080000E-00 3
12 6.000000C-00 0 .930000E-90 0§ .000900C.00 3
13 6.000000C-50 ©_000CO0L-080 £ 0OP00PE-00 3
14 0.000000E-00 © MCOCOC-00 6 G0GS0EE.00 3
15 0.000000C-20 © D80OOHE.06 ¢ 006000E.00 3
18 0.000000C-00 1 00060OE.08 6. 0PQ0SIE-80 3
17 0.000000C-68 § P08000E.-00 0.0PPOPOE-OR 3
18 0.000800E.0¢ C 00000CL.00 6. 002002E-09 3
19 0 .000000C-80 0 090000E.08 0§ 00000BE-00 3
20 §.000000C-09 0 000000E.08 0. POP0PRE-00 3
21 §.008000C.00 0 000089E.08 ©6.000008E-20 3
2 0.000080C-80 0. 000080C.08  0.090002E-20 3
23 0 .580000E.88 ¢ 00000BE.0¢ O 208000E-00 3
24 0.000000C-00 ¢ 0600BOC-D0 O 00B00OE-00 3
25 0.800080E.80 0 000000C.06 0. 000002E-03 3
26 0.000080C-66 ¢ 680006C.08 9. 000660C-00 3
27 ¢.900008E-00 ¢ 00000C0C.00 O.000000E-08 3
28 0.000000C-00 ©.600000E.-00 . 060000C.00 3
29 6.500000E.00 ©.000080C.00 @ 090000E+00 3
38 0.060008C.06 0.000008E.08 6.0@0000C-08 3
a 0. 008006C.60 0 006000E.08 @ 000000E.00 3
32 §.000006E-08 € 000000E-P0 ©.900000E-98 3
33 0.080000E-00 ¢ 000000E.00 0.068000E-00 3
34 0.080086E.00 0 000PCOE.07 O OOPPEOE-PP 3
36 0.00080CC.0¢ ¢ 20C0BBE.0F @ 000000C-00 3
36 0.900008E.60 ¢ 00P00CGE.08 O.000000C-00 3
37 §.000000E-00 @ 00800CC.-00 £ 002000E-00 3
38 0.5000BOE.D8 © 0POPOSE-06 ©.00000CE-08 3
39 0.800080C-60 9 00000CE.00 @ 000000E.00 3
49 0.000020c.80 0 000000C.20 @ 00POCOE-00 3
41 0.8066800C-06 0 PEA20CC.08 B 0000GOC.80 -3

28

.180680E+01
.180000E+01
.190080E+01
.180060E+01
.180080E+01
.600000E-00

.106000E.81
.160088E+61
.106600E-01
.1080086E.61
. 100800E+01
.180060E+81
.100000E+01
. 108006E+01
.100800E+01
.1080006E+081
.180009E+81
. 100900E+01
.1080006E-81
.1002006E+01
.100800E+01
.108006E+81
.189098E+81

108000E+01
198088E+01
108960E+81
108060E+01
100680E-81
189880E.81
108809E+01
198600E.61
506080E-01

P N N L T E I IR W IR R R

N R I I N N R I I I R I I




ERY ¥MORANDUM REPORT 6813

REGION - CCS

1 8.9525E-82 8. 947 L o 4. 0026E A6 0. 99080 @ 8A00E.00 9. 0BC0E-00 §.0806C-90 § 9080E-80 @ 000AE.00
2 @.5888E-961 2.4 4 8. p6dgr-30 B 3220U-90 D.099PE.00 0.PDOAE.B 0. NOOOE-08 9. E00GC-90 0. 0O0IE.80
3 0.5@30E-81 & 3 ¥eR4E. 3¢ © D949L-00 A 2000E.00 0. 000000 ©.00085-00 © S90GC-09 §.0000C-P0
4 @ 25485488 3 i0 349008 v 0308E.30 9.0088C.-06 0. 09ICE-00 0.0088C-00 6. 0900C.09 B $090C.09
b 9.1088€-8] 3. 6300t~ 21 A 2988C-82 O J008C.80 0.SSGOC.-00 0.00CAE-08 6 0000C.80 #.0200E.30
8 9.2008E.8]1 7 AAgeE.27 5 pB08E.00 0. 0096C-00 8. 0000E-00 6. J00SE-08 §.9020C-08 6.0090E-00
7 8.38¢8E.01 3 - S B 430E.82 B 4000E-00 O.2006C.00 0. 000AE.00 0. UOSOC-80 § 0ONOL-00 § 0908C.B6
8 9. 4088E.01 3. S0 $.11080+87 0.0069C.20 § 90A0E.00 ¢ GOCOE.00 0. G000E.-08 0. CEOBC.60 0.9080C.00
9 8.5009E.3 v, 1232E-22 ¢ 0P0IE-80 €.2E90E.00 8. O0OPOC.00 2. 0000C-00 §.0080C-00 6.008€C-00
18 4 2220ce81 3.7 139€E.92 2.00¢0L.00 8.PCI0E.00 0. 00OSE-D8 ©.SO08C-80 0.COSAC-08 §.P200C-90
11 9.8898E.31 o. 1589E-92 ¢.0990E.00 0.0006E.00 0. 0OPEE-60 6. 060SC-00 §.9820C-08 6.0098C.00
12 8.90885.21 3 FTUCTRTLB2 8 63 0b+20 7.0006C.80 0.9800C.00 O0.0006C-00 §.08000C-B8 P SOPOC.08
13 8. 1908E.80 ¢ ToLLia2.92 208000400 6.3000E.00 6. 2000E-80 0. 0P0OC-08 8.0009C.09 £ B00AC08
14 8.1198c.82 4. {.1630L.82 €.0008C-00 9 002600 0. 00P00E.-08 0. 0POBE-07 8 B00OC.PY 2 G006E.P9
15 8.1430E.82 ¢ .. “J3t-42 3.0900E.00 6.0026E.00 0.00B6E.PD O.0005E-00 . 0000E-08 6. 4320C-00
- 16 @.1300E.82 4. ¥.'490E.82 9.0000C.00 0.0026C-00 0. 00AGE-08 O.0000E-00 @ 0090C.88 0 6020C.07
17 @.15002+82 4.1 © €.2204E482 6.0000C-2¢ §.0000C.00 & 0POCOE.00 0.POOOC-00 6.0080C-08 2.0028C+00
18 @.16886E.82 . ’ 4.7308E-02 9.0000E-09 0.2986C.30 0. 00PHE-80 6.0800C-20 8. 0080C-00 2. 0020E.02
16 9.1740€.22 3.} 7 1.7498E.37 2.0069E.00 0.0000E.80 0.0I00E.00 0.0006E-00 6.9685C-08 §.0000E.B2
20 9.1888E+62 2 G.UNNRE.92 6.80QAE.9¢ 4 ¢02PE.00 ©.00GOC-P8 0.0080E.00 O.0000C-B8 B.0GC6C.B0
21 9 1309ec.ac w82 5 3063E.38 ¢ ¢U0CE.00 O.P000E-00 0. 0POOE-00 O.8600C-00 B.6300E.08
22 8.2000E-£2 3.2 5.0/98c+32 ©.0903E+99 6 ¢0ACE.00 0.0002E.80 8.000PE-00 ©.8000E-08 §.0200E-09
23 8.2299E.62 3.C T298c+92 $.9000c.00 & 0006E-00 &.0000E.00 O S0OBC.00 6.8689C-08 £.0000C.¢0
24 8.23@6E-62 9.C (D ZPBOE<52 8. 6209E+80 9.0000C.00 0. 00DC-00 6.0080C-00 0.0000C-80 £ 000AE.90
25 9 .2499E+82 2 97 £.2i194E+97 ¢ 0003E.80 0 .2000E-00 0.P006E-D6 0. 000000 6. 9000C-00 §. 0086E.20
268 9.25€0C+02 3.: ¥ 22906492 @ 8000E.9¢ ¢ 9090C+00 @.0080C-00 6.PO0OE-00 § PAIOC.00 6. 0000C-00
27 ©.26@9E+82 2.2 299E+82 ©.0002C.0¢ 0.0000C.00 @.0000E-00 O.COBSE-08 6. 8020C-06 8. 000000
28 9.2700E.92 2 ¢ 43dC.82 9.6008E-0¢ .0080C-00 ¢.0P00E+-B9 O0.0006E.00 6 080C-08 &.020C.00
29 9 .7%866.22 7 0 Are@? 1 V3I0E.20 ¢ 000BC.00 0.0008E-08 0.0ODOE-68 6. EHCOC-66 0.90L0C00
3¢ 8.3689E+62 5.0 78E+32 2.0200E.00 0.000EC.00 6.09BOE-00 0. CHPOE-88 §.9000C-86 6. 20POC-d0
31 #.3136E-82 9.° 289F.82 3.80¢0E-00 &.000OE.00 6.0000E-09 0.0000E-00 6.09808C-00 6.0600C.B0
32 8.3208E+62 & .- 2GEF.37 2 2900E-00 0.9006E.-00 ©.0000C.06 §.0O03E-60 6. 600008 0 $22CC-00
33 8.3330E+82 ¢ ¢ 42GEC02 §.3000C.00 7. 0008C.00 2.0000E-08 0.0080C.68 6 0006C-08 ¢ 0206C.00
34 @ .3406E.62 3.7 (A198E+82 @ C200E-09 0.0000E.-00 ¢.0000E-00 ¢.00068C-80 #.6008C-20 &.0000C-00
35 8.3880E+92 3.3 0.430¢E.92 8.0800C.20 D.0GGOE.00 6. POOOE-00 6.0000E-08 0.£E00C-08 0.0C0HE-00
36 2 .3700E+82 8. 2 ©.4406E+82 ©.08¢0C+-00 0.0000C.00 @.0000E-00 0.000PE-0C 0 9P0OC-P8 6 POORE-0P
37 8.3800E.82 9. 3 4508E.82 2 9400E.00 4 ¢NOPE-B0 8.00COE-00 4 0DPOE.00 €.6084C+00 O .24AGC.B0
38 4.36@@c.42 o ¢ . 7 &sML.@80 o 208QE.80 ¢ 200BE.08 0.0008E-B6 0.00PBE-8C ©.06R0C-00 €.0002C.00
39 £.4800L-82 8.41< 7 % 4T730E+-02 6.0008E.-00 0.0000C.-00 £ OUOAC.0¢ O.6P00E-00 3. PRGOE-B0 O.0CC0E.00
48 9.4100E-82 0. .4800E+02 8.8000E.00 0.0000E-00 ¢.0000E-08 6.00PE-00 O 0BPEC 00 6.P0GCE-00
41 8.2868E-01 @ 4i0RE * 45HEE+D2 £ ¢AGOE-SC 2.0006E.00 0.0COBE.00 ©.0000E.P0 0.6CPOC.00 ©.9002C-B0
NO. OF SURFACE AREAS 122 B2 TF SLAFACE FIELD POINTS = 122
1
Pl L o i 88 RuM WEDG CATE 23-0CT7-9
FREQUENCY= 2¢%8 @ :-(- 1¢f08 » (- 1HEd €

SYMMETRY TYPE= REF NOOOOFR BTN

VELOCITIES (BLKJ Akiss 1AL, INAC w0, ANG)

]

. 1 ?oF ) [ S AT T B 111 LAY ) 6.98
2 oot - Cooy BT @ 163C08E.8; B.23
13 Y. -8 *A80TALL.0E @ 1£00800C. 91 2.60
1 4 ¢ o4, ? 6.109e29L.91 8.28

- 16 # RN 5t 2 188C28c.91 0.00
1 & 14 T3 ¢ 183028E.01 8.00
1 7 £ .. 8. 106€322.81 9.¢8
1 8 & «AL ¢ A30RR0C.¢% 6. 199086E.81 9.28
1 9 ¢ <A1 r9RR3ET.eR ¢ 129629L.81 8.88
11 T ! B AU N | S DY 8.29
11l 14 chl FG0e te23 61090680 8] e.80
1 17 [2B¥ X PoA3RIA T.dd 6 109¢eat. 81 2.90
113 ¢ el T OAAEIAeT.A2 @ 1900805.0] 8.20
114 ¢ LA oM. B 1930300.0] 2.80
1 15 ¢ 34 LR PorRendglos2 B 102€407.81 .88
i 18 AR ¥ FLAtEM 4% B 10902AT. 8] 2.08
PO [T E B ERET I ¥ (12 189:) #.00
1 IR EE A IR ARSI 2 [ SN ) 3.2
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19

21
22
23
24
26
26
27
28

31
32
33
34
35

a7

3¢
4“4
41
42
43
44
45

47
48
49

61
62

64
66

67
58
59
L1
61
82

84
86

87
88
89
1L
71
72
73
74
75
78
77
78
79
80
81
82
a3
84
85

87
88
89

. 100696E-61
. 160060E.81
. 168880E.081
. 190060E-81
. 104086E-81
. 180008E-81
. 15008€E.81
. 100064E- 681
. 100000E-81
. 109080E-01
. 188600E. 81
. 100000E-91
. 108900E-81
.1900€6E-01
. §00000E- 00
.099600C-98
. 090000E- 80
.B08098E- 26
. G09060E- 99
§.6080000E-00
§ . 09060066
0.086000E-08
0.000000C- 08
§.990000C- 04
6. 060009E- 00
§.060090E-04
§.080890C-86
§.000000C-08
0.000000E- 00
6. 00456006
§.006086C-88
8.500000E-00
€. 000000C-.08
0.560800E-08
8.986000E-82
§.000000E-08
4.60887 5 -08
§.00480¢6.--08
8 .000060C- 08
§.608008E-08
0.880000C- 08
§.680000C-00
8.8080080E-04
§.008000E- 88
0.800000C- 08
8.860800E-00
0. 080006C-08
0.006080C-80
0.600860C-80
§.000600E-08
#.090800E.00
§.080060E-88
. 008000E-2¢8
£.0600600E-00
0. 898800C- 00
0. 088800509
§.800000E-00
0.000000C- 06
9.006000C-09
§.080800C-08
§.008008E- 00
6. 808000C-00
6. 080000 .08
6 .0060806E-00
0. 800000E- 00
§.900000C-08
(N 2
0.800620C-80
0. 008000C- 08
§.808660E.00
0.900090C .08
.086000E-08

Thompson, Dubus, & Siders

. 006009E 80
.0008200E-00
. 996000E- 08
. $00000E-00
. DO00008E-06
.009009E-00
.099086¢E-00
. 0U0020E-08
. 008008E-06
. 086008E-80
.086006E 00
0. 80002680
¢.600000E+00
©.800000E+20
0 .620800c.00
606000000
4. 008000E-00
0. 600600E-80
6.806820E-80
¢ 8090800E-00
0 .660600c-80
0.0000¢0E-00
0. 860800C.08
6. 2008€0E-80
0 .600000E-00
0. 882080E-00
0. 008006E-00
0. 008009E-00
0. 060806C- 00
§ . 589000E- 00
§.260060C+00
§.600000E- 08
§.000006E 00
§.060000E-00
8. 600000E-08
0.030008E+ 00
0.660800E+ 00
0. 00002080
0.000000E.80
§.800020E-89
8.080000E-08
0.0¢6000E.00
8.600080E-00
0.800000C- 08
0 5B0008E-.80
§.680000E-06
8.890000C 00
0 .8006000E-00
0. B86000E+ 90
0.080000C- 28
8. 080000E-09
§.008020E- 00
§.980008E .88
8. 80000000
9. 00PP06E- 88
8. 0800600E- 06
5. 20090600
§.000000E-00
§.000000C 09
§.008900E-00
§.009800E -89
6.866006E-00
8. 9PP008E. 08
6.006000E.80
9._080000E.09
§.000000E.80
6. 808P29E. 09
0.8900806E-08
9. 08000000
8. 800000E.80
9. B200PPE.80
0. 8200008C.89

. 189800E.91
.180089E-91
188088E-01
.180000E-01
. 188666E.81
. 108086E-91
. 189608E.81
.190606E-081
. A00PEEE-B1
. 180884E.01
. 108864E-81
.100086E.081
. 168066c.01
.190060%+01
.006008E. 00
.080000E-00
.600660E.00
.002B00E- 20
. 8008604E. 90
.000000E. 00
.0060006E-00
@.800600E.00
0.608000C.08
8800020509
8000068000
0. 680800E-00
¢.000060C-00
©.080600E.060
0.08d608c. 00
0. 000800E.00
0. 8H08B0E- 00
0. 800800E-00
€. 009000E. 00
0.0800080E.00
8. 08080E-08
@ . S8000€E. 00
¢ .886860E-00
2 .800880€-20
0.8000809E-00
0. 8000008E-00
0.000000E.08
0.0600880E-00
8.800800E.20
0.0800800E.00
9. 880B80E-09
9. 000000E. 00
0. 200800E-00
0.000000E-00
0. 009889E- 20
6.200800E.00
9. BO0820E- 08
¢.800689E-00
R I
0.2088006E-00
0.008000E- 00
2.060080E-06
0. 00000008
#.20600¢c-00
8. 000080E-28
0.000000E-00
0. 000880E- 98
2.098000E-00
0. 800800E .09
0.000000E-00
8. 008006008
0.000800E-00
8. BS0OSOE- 00
0.008000E-08
0.890000E.00
0 .B00000E.00
@.682000C.00
9 .0ad00ec.00

30




1

91
92
93
94
95
96
97
98
99
180
101
182
183
194
185
186
187
188
109
118
111
112
113

G HNU NN TINICTDVRCSTEEES

Pl bt b s s bk bt bt bk ot bk b b d bt poed ped s s e et b bt bt b bk e b bt et et e

122 -8

«xs FULL VELOCITY SYMMETRY ##¢

FREQUENCY= 2008.8 RHO=
SYMMETRY TYPE= REF

SURFACE PRESSURES

P s e et e b e s
OO NP EWNEROD NP WA -~

bt et bt e pmt bt Bt bt b bt s bt ek Rb b b bk bk bt s bt et b bed bt pd ek s s
NN RONRNN
NOOOTaE WA &

NSRS NSRRI RES

) R
< (D

114 -8.
115 -8.
118 -9.
117 -8.
118 -8.
119 -8.
128 -9.
121 -8.

NRL MPFMORANDUM REPORT

.000000E-80 2 000829C.00
.000064E-00 ¢ @00806F.00
.000000E.99 6 .000900E.80
.080020E-.88 O 900AGAE.80
.00d008L .80 @ 390250C.80
.0P0000E-20 9. 23PPBEE.D0
.080620E-08 3. 000386L-00
.008000E-08 9. 200008L.00
.geedeot.00 0. 02A890E.00
.000000E-00 9 000006E.00
.g08dedt.00 .209996E.00
.000900E.00 9 890200C.980
.000800E-00 # 00B906L.18
.009884:-32  @.082088E.22
.800092E-00 @ 000000C.90
.000000E-26  4.200086E-00
.900P00E-20  @.900006E-22
.000000C.20 . 000000E-D0
.0000068E.20 . 000000E+00
.000000E-3¢  ©.0800000E.00
.000060:.00  ¢.090000E-00
.000062E+03 9. 40GI0AE.63
.000608C+30  @.000000E.09
919748E-81 -5.681887E-081
718678E-81 -8.344366E-81
495808E-81 -8.135340E-61
7106871E-81 -8.344369E-81
583367£-¢1 -9.191811E-81
434681E-81 -8 .847442E-62
495583E-81 -#.135344E-81
434685E-81 -9.847487E-82
.353640E-81 -9.477829E-02
PROGRAM CH I EF 88
1600.8 C= 16@8.8

ND. OF BLOCKS= 4

. 900098E- 90
.200830E.90
.900680E.90
.00€680E.00
.090080E.90
. 80020008

200090E.80

.000083E.80
.800082E+ 26
.000800E. 28
.000880E-08
.000008C. 00
.968000E. 00
. 800088580
. 088080098
.302006E- 89
.00J000E-86
.890000c-20
.0¢0090E. 00
. 00000000
.40@00aE. 00

2008086E.90
20680008
114485E.00
788716E-91
513765E-81
789711E-81

.814836E-01

442788E-81
513732E-081
442771E-81
356843E-61

RUN WEDG

(BLK§, AREAF, REAL, IMAG,MAG,ANG)

.190689E+85

.198689E+85
.190689E+85
. 198689E-85
.180495E.85
.188497E+85
. 18B497E+85
. 180496E+85
. 185834E+85
.185638€+85
.185838E.85
.185634E+85
.153897E.85
.150191E+85
.150181E.86
.150898E+85
.136903E.85
.138905E.05
.1389856E+85
.136982E.85
L127172E+85
L1271726485
.127173k+86
.127173E+85
.120968E+85
.129969E.86
.120969t.85
.12@89€9E+85
.118485£485

NV HE HNA_AIOARNIINRIDNATIRNIRNSSS DI OS

.184885E+98
.184885E.06
.184885E+86
.1846886E.86
.1B5881E+06
.1858081E.06
.1868@81E+86
.185881E.88
.188442E.08
.188442E+86
.186442E.08
.166442E.68
(187242E+86
.187241E.06
.107241E.98
.167241E+86
.198887E+06
.10806€6E+86
.188066E.88
.100868E+086
.188774L+86
.188773E+86
.188774E.686
.188774E.98
.189248E.08
.189247E.08
.189247E.88
.1892472.88
.18892¢t.£€

.1068084E+88
. 106684E+86
.186684E+06
.196684E+86
.187330E.86
.187329E-86
.187330E-08
.197338E-086
.187723E+08
. 187723E+88
.187723E-88
.187723E+66
.108287E+86
.188287E+86
.166286E+86
.188287E.86
.188931E+88
. 188930E.06
.188930E+86
.108930E-86
.109515E-86
.109514E.86
.189515E.86
.189515E.086
.189914E-06
.189914E.086
.189914E-08
.189914E+86

189569€+08

-181

-168.
-164.
.97
-172.

-168

6813

.88
.99
.88
.89
.88
.08
.98
.99
.28
.08
.88
-143.
~154.
-164.
-154.
.82

45
15
73
15

97
73

32

DATE 23-0CT-9

79.
79.
79.
79.
8d.
88.
88.
8.
81.
81.
81.
81.
82.
.8
82.
82.
82.
82.
82.
82.
83.
83.
83.
83.
83.
83.
a3.
83.
83.

82

78
79
L]
7%
32
32
32
32
16
15
15
18
83

[ K]
3
78
78
78
78
33
a3
a3
a3

68
79
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—

K]
31
32
a3
34
35

7
38
39
48
41
42
43
44
46
48
47
48

.118484E-85
.118486E+86
.118485E-85
.732883E.04
.686173E+#4
.48B771E-84
.488883E-84
.340278E-04
.27650856E+04
. T8B355E+84
.572969E-04
.480182E-84
€. 484604E-04
6.337690E-04
§.274827E+84
0.664398E+04
#.553895€.04
0.469735E+84
6.398668E-04
.333319E.84
.272385E+84
.733214E-84
. 7T88B3BE-94
.664568E+84
.685742E+04
.573438E-84
.554166E+04
487716E+04
48B959E+04
4T0178E+84
418283E+04
485918E+84
398815E+84
343148E+04
339943E+84
3348526484
.282.7 E-84
.279527E+84
. 27588384
-8.224817E+93
-§.199984E+03
-8.138684€+03
-§.199928E+43
-§.177456E+83
-§.114588E+83
-8.145792E+83
-0.127149E+83
-8.769867E+92
.238684E+04
.186816E+04
.146415E-84
.188272E+04
.892889E+03
.338847E-83
.228386E+04
.185141E+04
.144146E-84
.105353E+04
.886285E+03
333962E-03
.223927E+84
.181696E+84
141376E+04
.183309E-04
.872972E.83
.328846E+63
.214284E404
.171258E-04
.131466E+94
9.941758E-03
§.590865E-83
§.2566667E+83
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.108928E.86
108926E-86
.108926€E-66
.258308E-84
.108433E.04
.888709E+82
.821921E.83
.114628E+04
.153748E.84
229893E+84
.9623956E.83
277307E.62
.855842E+83
116642E.04
164748E.04
192919E+84
781282E.83
762261E.+82
.712458E+93
.119883E.04
.156510E+04
.268408E.04
. 229974E-84
. 192070E-04
.188616E-04
.963804E-83
.782138E.83
.918527E.82
.303816E.82
.8B7490E-02
.818407E.83
.851134E-83
. 709898E+83
.113622E-04
.116717E+04
.119413E.84
.161727E+84
.163062E+84
.166630E+84
.200137E-84
.206113E+84
.2045626E-04
.208538E+04
. 208476E-84
. 208746E-84
. 202964E-04
.282835E+04
.202799E+84
.178759E+04
.192666E-84
. 203878E-04
. 208806E+84
.209777E-04
.207088E+84
.177606E+84
.193147E.84
. 203328E-04
.208721E+84
.2096208E+84
. 287828E-04
.179308E+84
.194218E.84
. 204826E+84
.209267E-84
. 210494E-84
.208216E-84
.183110E-84
.197426E+84
.208216E+84
.218342E.84
.210391E-94
.206788E+84

.189589E-06
.189569E-06
. 189569E-06
_TT7872E-04
.595135E.04
.486852E-04
.413388E-94
.350867E-084
.318376E-84
.T42824E.04
.580994E-84
.480190E-04
.489382E-84
.367148E-084
.315408E.84
.891838E-84
.569378E+84
.489787E-04
.484393€E+04
354222E.84
314148E-84
TI7417E-84
743111E+04
892006E-04
695728E+84
581481E+94
559659E+84
487893E-84
480988E-94
.478228E+04
.414888E+04
.411167E+94
.405884E.04
.361468E+04
.359098E.04
.355319E+64
.328379E. 64
.318896E-04
.316806E-04
.261393E.84
.2811168E.04
. 20096284
.201633E.84
.201269E.04
.201067E.04
.203487€+04
.203233E.04
.202945E-84
. 200839E-04
.268366E+04
. 249779E.04
.234116E+04
. 2208899E.64
. 269795E-04
.289318E.84
. 287560E+84
L 249240E.84
.2338083E+04
.220758E+04
. 2097845804
.286876E-84
. 2656890E- 64
. 248221E+84
.233376E-84
. 220900E. 84
.210796E+04
.281802E.84
.261350€.84
.244558E+84
.230482E.04
.218526E+84
208374E.84
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83.79
83.79
83.79
19.42
16.58

-8.85
-18.82
-29.48

18.83

-9.28
-19.85
-29.38

18.19

-8.86
-18.16
-19.78
-29.88

19.41

18.83

18.19

18.61

9.54
8.03
1.68
8.38

-8.84

-8.54

-9.11
-16.89
-18.32
-18.88
-19.684
-28.27
-28.78
-29.48
-98.48
-85.71
-93.73
-95.89
-95.86
-93.27
-94.11
-93.59
-92.17
-37.47
-45.88
-b4.48
-83.68
-71.74
-88.78
-37.87
-48.21
-54.87
-83.22
-71.89
-98.84
-38.69
-48.92
-85.28
-83.73
-72.27
-81.83
-48.563
-49 .88
-567.48
-65.86
-74.32
-82.92




182
183
194
185
106
197
108
189
118
111
112
113
114
115
118
117
118
119
128
121
122
+++ FULL VELOCITY

T s N e S e N e ol e e el el e
RE OSSR STIITIAO NI

POWER OUT {KW)=

.214018E.04
.189623E.04
.129268E+84
.917178E.83
.584417E-83
.228739E-83
.214850E+84
.189558E+84
.128817E+04
.918571E.83
.556222E+83
.218311E.83
. 275924E.485
.213283E.85
.148682E+85
.213281E+85

175018E+25

.138380€-85
. 148875E+85
.138376E+05
.186092E+85

SYMMETRY #s%

8.9083

-8.
-8.
-0
-8.
-2
-8.
.207386E.84
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183033E+24
197963E.84
286885E-04
210929E+04
21988BE+04
267149E+84
182729E+84
198824E+04
207080E+84
211281E+84
211142E+84

284588E+85

9.183310E-85

SHH OGS

.4060819E+04

183311E+05

.574834E.84
.2564233E+84

486831E-84

. 254248E+04
.143109E.84

.281811E.04
. 260693E-94
.243932E.84
.230015E.04

2183@3E.04

.208388E-04
.281894E+84
.260898E-84
. 243877E.04
.229994E.84
.218346E.04
.288511E.84
.343485E+85
.236915€.85
.1564128E+85
.236913E.85
. 184289E+85
.132838E+85
.154128E+85
.132831€.85
.187853€+85
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-40.
-49.
-58.
-66.
~75.

-83

-40.
-49.
-58.
-68.
-75.

-84

36.
25.
15.
25.
18.
.83

11

15.
.83
.88

11

6813

54
41
99
58
82
75
41
43
12
68
24
85
55
85
27
85
18

27
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Sample Run 3: Conical Source With Circular Planar Baffle Radiation Matrix

The gevametry for this problem was generated using DlQPLAY3D4, which is
available to all CHIEF users. Run 3 ccrqputes a radiation matrix using both
the subroutines ZRADMX and ZRADMI :zince the circular planar baffle has an
impedance coating. Also the cone is a new surface in CCUNMD.

Fig. 4. A radiating cope with a circular planar baffle.

Program Listing of Sample Run 3

C Progras CONE
C Example Problem of 2 rone topped by an impedance surface

C  (COMMON VARTABLE DECLARATIONS GO PSRE)
COMPLEX PMATX( 152), vwATX( 152)

MDSIZE = 1.2
RUNID = CONE’
DATE = '25-FEB-91’
CALL INITCY
CALL OPNCE
RHO = 1806
C = 1508
Cossesagsssrssss impedance coating moditications sessssesssnasss
NMZ = 4
N=1
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C ---- clear 1mpedance fur The Cone
D0 18 1L =N N+ (2 22 ) -1
ICOAT{1) = CWPLX(@ & @ 8)
18 CONTINUC

v ST e )

- icss oamp uwar - fo- Circudac Imp. Cap
MW WIL=N . T a7 )-1
ZC0AT(1) = CWPLX . , 1L8E-4
26 CONTINUE
NN+ (2 %2 )

Cossrexsys.s 54 oF impedance <o+ ng modificalions sessssansaxs

OFEN (UNIT=Nun o7 FILECRUNTD/,  odT', STATUS= ' NEW?
1 FhiM= TORMATTED)

C  symmelry inputs
v = ,{0S{-1.2)
SYMIYP = ‘RCT!
NBLXS = 12
IRHS- 4 = 1
Uyt o @

C Surface Rey: .~ jutls

ROT M EL ) ONRLKS

D11 =1 1@
Iy - 8.9
1 CONTINUE

MW21=1, 3
TRNS(IY - 8 8

2 CONTINGE
C-mmmneen thy Cone  —==-------

VISEQNS =13

() =1 + CONVERT

ey =2 » CONVERT

TRNS{1) = (@ @8E-88) » CONVERT !

TRNGCY, B 820 -23) = JONVERT

TRNS (3) = (@ 887-288) » CONVERT

XIJAX = +3

XSU = -8 26160

XS = 8 26188

XSVL = @

XSV = 2 » CONVERT

XNSU = 2

ANSY -2

KI0K 4 4

XICRO« = 4

XiRG = XIRG » 1

CALL ©.DSURR/XIRu, XNSEQNs, CC, TRNS, XIZAX,

1 XSUL, XSWU, XSYL, XSYU, XNSU, XNSY, XIORDU, XIORDV)
L~ cireniar Imp. Cap ------e--

XNSIQNS ¢ 2
Sl 3 » CONYERT
i3NS(1) - 1@ @PE.8D) » CONVERT
TRNG(2) - (@ 8a%.8@) s CONVERT
'

TRNT(5) (8 @2E.88) + CONVERT

XA L3

X518 .8 » CONVERT
» CONVER™

Yot

1
[ R

L A oo
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XNSU =2
NSV =2
XIORU = 4
XIORDV = 4
XIRG = XIRG + 1
CALL LDSURR(XIRG, XNSEQNS, CC, TRNS, XIZAX,
1 XSUL, XSUJU, XSVL, XSVU, XNSU, XNSV, XIORDU, XIORDV)
NSREG = XIRG
¢ CALL PLOTCHIEF (RUNID, NBLKS, SYMTYP, 1, 38.8, 66.0, 0.8)

C Define Frequency input.

FREQ = 100
C Generate surface P and V matrices.

CALL SURMAT(FREQ, SYMTYP, NBLKS, PMATX, VMATX, WDSIZE)
C Decompose Matrices

CALL DECOMM(SYMTYP, NBLKS, IRHSYM, PMATX, VMATX, MDSIZE)
CALL I0SUB(NDVELS, 18, VEL, 8)

C Block §1
VEL( 1) = (1.0086, 0. 0008)
VEL( 2) = (1.0888, #.9096)
vEL( 3) = (1.0009, 0.8004)
VEL( 4) = (1.0008, 0.0008)
VR_{ 5) = (6.0888, 6.0006)
VEL( 8) = (0.9086, §.0008)
VEL( 7) = (0.0068, §.0808)
VEL( 8) = (0.8088, &.0008)

CALL I0SUB(NDVELS, 1,‘VE., NWDVEC)
C Generate Surface Pressures.
CALL SURPRS(FREQ, SYMTYP, NBLXS, IRHSYM, PMATX, VMATX, MDSIZE)
FLDTYP = 'FAR *’
NMTHP = 19
DO 25 1 =1, NTHP
THTPHI(1, I) = (1 ~ 1) » b
THTPHI(2, 1) = 8.8
25 CONTINVE

C Calculate FAR Fisld Matrices
CALL FLDMAT(FRER, SYMTYP, FLDTYP, NBLKS, PMATX, VMATX, MDSIZE)

IFFNRM = 19

C Calculate Far-Field Pressures.
CALL FLDPRS(FRER, FLDTYP, NBLKS, IRHSYM, PMATX, VMATX, MDSIZE)

CALL PRTOUT(FLOTYP, 6)

STOP
END

Qutput Listing of Sample Run 3

FREQUENCY= 108.8 RHO- 1666.6 C= 1500.0
SYMMETRY TYPE= ROT NO. OF BLOCKS= 12

FAR-FIE.D PRESSURES ( PHI,THETA FFP(RL,IM, NMAG ANG) NORMALIZED PATTERN, SOURCE LEVHE., DI )
6.08 §.08 -.186832€.83 @.316326E.04 ©.310888E.04 93.45 §.02
0.80 5.0 - 188244E.03 6.318326E.84 0 .310885E+04 93.43 0.02
0.60 1866 - 184483E+83 B 318328E.64 @ 318B75E.04 93.40 8.82
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.88 15.80 - 181564E+83 6. 318338E-94 ¢ 2128688C.04 35.3% 0.982
9.80 20.80 - 177508£-93 ©.318332E-84 @ 310839%.04 93.27 9.61
9.00 25.80 -.172348E-63 0.316335F.04 ©.318813E.04 93.18 0.61
.08 38.00 - 166118E-83 ©.318338E.04 @ 318782E.04 93.96 8.01
8.0 35.88 - 158878E-83 £ .310341E.pa ¢ .319/48E.84 .32 8.81
0.60 40.00 - 150659E.83 @ 318344E-84 9 .310718E.94 92.78 8.981
8.88 45.98 - 141548E-83 9.319348L+84 £ 319669E.84 92.61 8.0l
0.8 50.08 -.131881E-83 0.319348E-84 £ .310627E.04 92.43 g.81
.98 55.80 - 120809E-63 @.310348E.84 ©.310683E.84 92.23 8.81
6.6 60.80 - 199523E+83 8 318347C.94 0. 31854804 92.82 8.61
.90 65.80 - 975579E.02 © 318344E.94 8 31B498E.04 91 8¢ 9.81
0.68 78.06 - B50955E-82 @.318343€.84 9 318458E.84 91.57 8.0¢
8.22 75.89 -.722307E-82 £.313335L.84 8. 310417E-04 81 33 6.8¢
9.08 86.66 - S98B13E+62 ©.316325E+84 ©.310381E.94 gl 89 0.00
8.6¢ 85.68 - 456876E-82 0 .319314E.84 ©@.3198348E.04 98.084 9.00
8.68 99.88 - 322114E.-#2 0.319¢301C+84 ©.318318E.84 99 .58 08.08 » 189.8 -8.62

+ DIRECTION FOR PATTERN NORWALIZATION

LINITATIONS

The following existing features of CHIEF have not been addressed in the
context of a partially impedance coated radiator:

* Point scurce check. There seems to be no reason that this option cannot
be used in its unmodified form; the results from the modified CHIEF
program supply the actual surface velocities all over the radiator which
will aid one in assigning relative strengths to the hypothetical point
sources.

* Radiator in an infinite rigid baffle. This feature has not been
modified for the case of an impedance coated baffle; furthermore, the
Green’s fuin-sion used in the existing formulation of this problem is
applicable only to the case of an infinite-plane, rigid baffle.

e Scattering problems. This feature has not been modified for the case of
a partially or totally impedance-coated scatterer; the present
development in CHIEF is applicable only to rigid scatterers.

The following feature of CID exists for a partially impedance coated
radiator:

* Impedance symmetry must be the same as body, even if there is no
velocity symmetry.
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APPENDIX A - THEOKETICAL CONSIDERATION

Al: Basic Equations for Tmpedance Surfaces

The CHIEF program develops a matrix equation for the unknown surface
pressure P of the form

[A]P = [B]V. (A1.1)

Assuming the frequency is unot at or near one of the so-called forbidden
frequencies where the coefficient matrix A becomes ill-conditioned, or in fact
its determinant vanishes, then one can solve Eq. (Al.1) for the surface
pressure P. Now knowing both P and V on the surface of the radiator, CHIEF
proceeds to compute the radiated pressure field at any point external to the
surface; in particular, one usually wishes to know the far-field pressure
distribution.

Now consider a radiator part whose surface has a prescribed normal
velocity V, while the remainder, Region I, is coated with the arbitrary
complex locally reacting impedance layer Z. Neither of these regions need be
a single contiguous region; i.e., the active and the impedance-coated areas
could be a number of noncontiguous or, in fact, even disjoint surfaces. The
subscripts R and I merely indicate a convenient subdivisisn: of the problem
into the two different boundary condition regions. Accordingly, matrix
Eq. (Al1.1) can be partitioned as follows:

A A P B.. B v
{ RR ARt }[ R } _ [ Re Brr ]1 R } . (41.2)
Arp Arp It Pp Brp Brp I Vg

Note that the impedance-coated regions are relegated to the bottom positions
in the matrix equation, a choice that is followed throughout this discussion
and in the modifications of the computer code. There would appear to Le three
sets of unknown quantities in Eq. (Al.2), the pressures PR and PI as well as

the velocity VI; i.e., only velocity VR has been specified. However, while
neither PI nor VI is known, their ratio defines, or is defined by, the

impedance coating on Region I as

Pi/Vy = - L. (A1.3)

The minus sign in this equation deserves some discussion. Impedance (specific
acoustic impedance) is defined as the ratio of the pressure acting on the
naterial to the particle velocity flowing into the material. However, the
development inherent in program CHIEF assumes that the positive direction of
the velocity is outward from the radiator into the surrounding medium. Hence,
to use the velocity designation implicit in CHIEF in the impedance definition,
the minus sign is required. [The authors wish to acknowledge particularly
valvable personal communication on this subject with Professor Alan Pierce,
Nenartment of Mechanical Engineering, Pennsylvania State University.]
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Equation (A1.3) can be used to eliminate either of the unknowns P, or VI
from Eq. (A1.2) as a function of the other. It seems more appropriate to
eliminate P; since the opposite choice would entail a division by Z and it is
recognized Ehat Z = 0 is a value to be used in the subsequent calculations.
Accordingly, one may reformulate the matrix equation for unknown surface

quantities as
P 0 \/
R]=[BRR ”R] (A1.4
VI BIR 0 0

As this is formally the same as Eq. (Al.2), one may proceed to have the
existing routines of CHIEF solve this modified set of equations. Once Pp and

VI are known, P, is obtained from Eq. (A1.3). The now known surface pressure

and velocities are resorted back into their respective array positions, and
CHIEF proceeds from this point with the calculation of the pressure at points
exterior to the radiator surface in the usual manner.

App  (-AgyZ-Bpy) ]

A (-ApgZ-Bry)

In this development, the non active portions of the surface of the
vibrator are assumed to be coated with a true locally reacting impedance
material which creates a boundary condition at those surfaces as described by
Eq. (A1.3). This impedance can have a value (real, imaginary, or complex)
from zero (perfec’ pressure release material) to the largest value the
computer in question can accept (which approximates a rigid boundary). It
should be noted, in particular, that specifying this impedance value to equal
the characteristic impedance of the medium does not mean that those portions
of the boundary behave as if they were acoustically transparent; i.e., because
this boundary condition does not guarantee continuity of both pressure and
normal particle velocity at the interface between the medium and the impedance
coating, there will be reflections from the boundary even though the impedance
value matches the characteristic impedance of the medium, unless the boundary
is effectively planar in shape.

A2: Radiation Impedance Matrix

The radiation impedance matrix (ZRAD) relates the forces and velocities on
the various subdivisions as follows

F = [Zgyply (A2.1)
However when part of a radiator, Region R, has a normal velocity v, while the

remaining K surfaces, Region I, are coated with the arbitrary complex locally
reacting impedance layer, Eq. (A2.1) can be written as

Fp (Zgp] (Zpy]

Fy |~ | (2] (2]

(K.

R
(A2.2)

1<

I
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The subscripts R and I merely indicate a convenient subdivision of the problem
into the two different boundary conditien regionms.

The radiating force is derived from Eq. (A2.2) as

.FR = [ZRR1YR + [ZRIIYI . (A2.3)

In order to determine the radiation impedance matrix for a partially
coated radiator, one must write Eq. (A2.3) in the form of Eq. (A2.1). One
approach is to write vy as a function of Vp- By substituting the equivalent

form of Vi in Eq. (A2.3), a product of v, and the desired radiation matrix
results.

Therefore the first step is to reformulate the velocities of the impedance
surfaces vI- Because the individual terms of the matrices are needed,

summation notation will be used.

For the impedance surface, the force takes the form

F, = ;zir v+ %zip - (A2.4)

where i and p vary from (N - K + 1) to N and r varies from 1 to N - K. Note
that v_ is the velocity of the radiating surface and vy is the velocity of the
impedance laye:.

With the new modified CHIEF program a complex impedance quantity (Zi) is
specified such that

F, = -Zv,. (A2.5)

Setting the right sides of Egs. (A2.4) and (A2.5) equal to ome another, we get

~Zyv, = ;zir v+ %zip v, - (A2.6)

Upon bringing the term on the left side of Eq. (A2.6) under the summation sign
and rearranging, the following equation results

%(-zip - 6LV, = ;Zirvr , (A2.7)

where 6pi =1if p=1i and 6pi =0 if p # i. Equation (A2.7) relates the

velocities on the impedance surfaces to the velocities of the radiating
surfaces and can be rewritten in matrix notation in the following way
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0

Z~
N-K+1 .
[‘[ZII] - [ o g ] ] vy = [Zgglvps
N

where Z is the prescribed complex impedance; i.e., Z of Eq.
Equation (A2.8) can be simplified in the form

- [Zy7lvy = [Eplvg

or

vy = - (B " gplvg.

Substituting Vi [Eq. (A2.10)] into Eq. (A2.3), we obtain

1
(Zgglvg - [Zppl (Zyp] " [Zgplvg

or

_ 7 ~1
Fp = {[2ag] - (Zap) (Brp) gl g
Equation (A2.12) can be abbreviated as

Fr = {Zpap}ve

where ZRAD is the desired radiation impedance matrix.
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APPENDIX B - CID SCREENS

Bl: Cone

The screen shown in Fig. Bl.1 gives the geometry description for a conical
surface. Most of the screen is self explanatory except for a few items. The
cone is rotated about the X3 axis with the point of the cone in the +X3
direction. In order to flip the cone about the X1, X2 plane, the maximum cone
height must be negative. The minimum cone height is always set to zero. The
cone is located at the (0,0,0) position and can be relocated by changing the
local origin.

B2: Impedance Surfaces

Figures B2.1, B2.2, and B2.3 relate to the CHIEF impedance surface
modification. Figure B2.1 looks like the CID screen of the previous revision
with the exception of the "IMPEDANCE DEFS" entry. When the prompt is placed
on this entry, the screen shown in Fig B2.2 appears. The user can pick any
surface to be an impedance surface. The letter "I" will appear to the left of
each surface description that has been selected. Furthermore, if there are
any surfaces after the one selected, they will automatically be impedance
surfaces and the letter "I" will also appear to the left of these surfaces.
When the "EXIT" entry is chosen in the screen shown in Fig B2.2, the user’s
screen is updated to the screen shown in Fig B2.3.

The screen shown in Fig. B2.3 appears for every surface that was selected
as an impedance surface from the previous screen (Fig. B2.2). The user has
the option of selecting one impedance for an entire region or selecting
several different impedances. If different impedances are selected for a
region, the user has to indicate which subdivision is the first to have an
impedance coating. The velocity corresponding to the impedance subdivisions
is automatically set to zero in the driver program by the CID program. The
CHIEF program calculates the velocities of the impedance surfaces and replaces
the zeros in the velocity vector with the calculated values.
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APPENDTX (G - PROGRAM LISTINGS

Cl: JSURMAT

The subroutine SURMAT generates the matrices A and B of Eq. (Al.4). In
uddition to the uew variable declarations

JOMUMON/ COATING/ZCOAT NUMZ
CUMPLEY ZCOAT(500),

the only othe. medification is to call the new subroutine MTXSWZS.

[}
0
i
T
[l
1
1

Yersion 3 ¢ 3-FER-1991

A Yy o
; ')
x
=

SUSR0LUTINE SURMAT (T RER, SYMTYP NBLKS , PMATX, VMATX, MTXDIM)
¢ GENFRATION OF © ARG V SURFACE MATRICES

C 17 Sep 1998 - :apedance coating modifTications made by DMB

\

. T puyenrA o
MARNMOTIR 68

{WASREG-
PARAMETIR (MXIPS=28
PARANETER (MXA L=570)
PARAMETER {MXGAUS=b.;

R IMXQPTS=512)
NXBLXS =" 9%)
L hOEERs e
IMINFP2381)

C

MXTPS. 508)
c QTS MAY ™ (MXARS +MXIPS  MXFFP MXNFP) )
:

LO T O MA R e VAT (MTXDIM)
CHARAC TER23 SYMTYP

ComMNJCONST/RET C
CONBMIN/ 2RTCOM/NUNPRT  NUNERR

C 3 Jan 1391 - addsd temporary logical unit nuabers NTEMPYEL, NTBMP1 - NTEMP3.

“OMMIN/HLASS, MU TS, D, MES , NDYMXS , NDDECM, NDYELS , NDSPS,

, NDPMXE  NOVMXF , NDPMXN, NDVMXN, NDPSS?, NDEXPR, NDCOMY,
’ NDTEWP, NDZRDB, NUPATE, NTMPYEL , NTEMPL NTEMP2, NTEMP3
COMY™N/SVALS /NSREG, NSEQNS (MXSRER) | SUL (MXSREG) , SUU (MXSREG) ,

. VL (MXSREG) , SYU(MXSREG) , NSU(MXSREG) , NSV (MXSREG) ,
. CCF ., WXSREG), TRNSS (3, MXSREG) , IZAX (MXSREG) ,
N TGHOU (WXSREG) , TORDY (MXSREG) , NCCEQS

COMMDN/ TP S/ NMIPS | TPXS (3, MXIPS)

Ret o

CoaMoN/IPTI ST MRGPTS

CUMMGN T GAUSHS  BX AU (MXGAUS) | ROS TU (MXGAUS) , ROO TV (MXGA''S) ,
. 1Y (WXCAUS < 1, 2)

COMMAN/FLL 2T/ PREL L4 NKFPS) | FPC (4 MXFPS)

COMMON/WGRK /VEC L IMXARS) , VEC2 (MXBLKS) , VEC3 (MXBLXS) , VEC4 (MXBLAS) ,
VNS MY PSY ) YECE (MXFPS)

COMPLA VECY 1073, VEC, VECS, VECE

DTUENSIGN FACTRS (MXARS)

EQUIVALENCE (FACTRS(1) VECL(1))

.
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COMMON/PRGYLS /NDIMPY , NUMARS , NUMSFP, NOMFFP , NUMNFP, NWDVEC
COMMON/SURARS / AREAS (MXARS)

COMMON/ TAPREC /RECRD (18) , IRECRD(39)

COMMON/ TAPRC1/ ARECRD (18)

Cesvensssens impedance coating modifications - 17 Sep 1990 =reestssssssr
COMMON / COATING / ZCOAT, NUMZ
COMPLEX ZCOAT (MXARS)

[ T T T S e TP 2 T T
CHARACTERs4 ARECRD
COMPLEX JRHOWP

g SURMAT ERROR CHECXS
IERR=0

IF (NSREG.GT.MXSREG.OR.NSREG.LE.8) THEN
IERR=2
WRITE(NUNERR, 1061) NSREG
1681  FORMAT(/,’ ERROR IN SURMAT - NSREG=',I8)
END IF
IF (NBLKS.QT.MXBLKS.OR.NBLKS .LE.8) THEN
IERR=1
WRITE(MUNERR, 1882) NBLKS
1662  FORMAT(/,’ ERROR IN SURMAT - NBLKS=',18)
BND IF
IF (SYMTYP.NE.'REF’.AND.SYMTYP.NE. ’ROT’) THEN
IERR=1
WRITE(NUNERR, 1663)SYMTYP
1663 FORMAT(/,’ ERROR IN SURMAT - SYMTYP= ' A3)
END IF
IF (MMIPS.GT MXIPS.OR. NUMIPS.LT.8) THEN
IERR=1
WRITE (NUNERR, 1884) NOMIPS
1864  FORMAT(/,” ERROR IN SURMAT - NUMIPS=',I8)
END IF

IF (IERR.ER.2) STOP

NAR=8
D0 1118 I=1,NSREG
NAR=NAR+NSU(I) sNSV (1)
IF (NSEQNS(I).GT.NCCERS.OR.NSEQNS(I).LE.8) THEN
IERR=1
WRITE(NUNERR, 1068) I, NSEQNS (1)
1606  FORMAT(/,’ ERROR IN SURMAT - REG,NSEQNS=’,218)
END IF
1ZABS=IABS (IZAX(I))
IF (IZABS.GT.3.0R. IZABS.EG.8) THEN
IEKR=1
WRITE (NUNERR, 1007) 1, IZAX(I)
1807  FORMAT(/,’ ERROR IN SURMAT - REGH, [ZAX=',2I8)
END IF
IF (NSU(I)#NSV(I).LE.@) THEN
IERR=1

WRITE(NUNERR, 1888) T, NSU(T) , NSV (I)
1688  FORMAT(/,’ ERROR IN SURMAT - REGE,NSU,NSV-’,316)
END IF
TORDRU=TORDU(T)
IORDRV=I0ROV (I)
IF (TORDRU.GT.MXGAUS.OR. IORDRV.GT . MXGAUS . OR. IORDRU# IORDRV
. .GT.MXQPTS.OR. TORDRUs TORDRY.LE. @) THEN
IERR=1
WRITE (NUNERR, 1089) I, T0RDRU, JORDRV
1099  FORMAT(/,’ ERROR IN SURMAT - REG§,TORDRU, IORDRV=',318)
END IF
1118 CONTINUE

IF (NAR.GT.MXARS .OR.NAR.LE.®) THEN
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TERR=1
WRITE'NUNTRR, 1111)NAR
FORMAT(/ * ERROR [N SURMAT - #0F AREAS=' 112)
ENO IF
NFP=NAR+NURIFS
[F (NFP.GT MXFPS OR.NFP LE.8) THEN
TERR=1
'RITE(NUNE‘?P,IU?)NFP
FORMAT(/,’ TRROR IN SURMAT - $0F FIELD POINTS=' 118)
END IF
MTXT=NARNFP
SOONTXT.ST WXDIM GR WiIXT.LE 6) THEN
1ERR=]
¥ALTEINUNERR 1113)MTXT
FORMAT (/' SRROR IN SURMAT - ',118," WORDS NEEDED FOR P,V

END TR

iF (TER9 R 3} STOP

l)r,i*”:(‘_L -y
Rl D Gshy
FOURPI=4 @apl

ROMEGA=TWOP[+FREQ

JRHOWP: CuPLX (@ 8, ROMEGA«RHQ) /FOURPI
SMALL X=ROMEGA/C

NDIMFY-MTXDIM

COMPUTE QUADRATURE POINTS FOR EACH SURFACE SUBDIVISION{AREA)
STLRE GN FILEJUNIT NDQPTS

COMPUTE FIELD POINT FOR EACH SURFACE AREA AND INTERIOR POINT
STORE IN ARRAY FPRK1

CALL ILSUBINDQPTS, 10,GPS, 0)
1SUB=3

DO 18 -1 Ns0ss

CALL G S {I0RDLL ., ROOTU, HTUV (1, 1), WKGAUS)
WTUV (MXGAUS + 1, 1) =10RDU(T)

CALL GAUSS (10RDV(I),ROOTV,WTUV(1,2) , WKGAUS)
WTUV CKIGAUS + 1, 2) = I0ROV (I)

DELSU= (SWU(1}- SUL (1)) /NSU(I)
DELSV= (SWH(1)-SVL (1)) /NSV(I)
HDELSU=2 5+DELSY

HOSLS V28 Bafe: oy

FACTT=HDELS JaHDEL SV
UAVE= HOEL SU-SUL (1)

D0 8 J=1,NSU(T)
VAVE=HDELSV.SVL (1)

DO 6 K=1,NSV(I)

15UB=]508+ 1

FACTRS (1SUB) =FACT]

CALL QrTRIN{UAVE, VAVE, HOELSU, HOELSY, NSERNS (1), €CS (1, 1),

. TRNSS (1, 1), 1ZAX(I) , TORDU(T) , IORDV(1) ,ROGTU. RooTv, gps)

MDRPTS, 1,WTUV, 2¢ (MXGAUS+1) )

M34PTS 1, 9PS, 74 TORDU(T) # I0RDV(I))

DOAVE, AVE NSEQNS(1),CCS(1, 1), TRNSS (1, 1), IZAX (1),
TPORI(1,15UB)  FPBKL (2, ISUB) ,FPBKL (3, 1SUB) , D1, D2, D3 DD, 8)

YAV v L DE
UAYE = o el Sy
CONT [Nt

NOMARS - TSUR
NUMEPS . [5UR
NEDVEC 2 e i AP,

IFQNUYTT NE §, GHEN
DU /8 o i NMIPS
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15UB=ISUB-+1
00 15 I=1,3
16 FPBX1 (I, 1SUB)=IPXS(I, J)
28 CONTINVE
END IF

NUMFPS=NUMFPS « NMLPS
NUMSFP=NUMFPS
MTXTOT=NUMARS « NUMFPS

GENERATION OF SURFACE MATRICES
P MATRICES TO FILE/UNIT NDPWXS
V MATRICES T0 FILE/URIT NDVMXS

[aNaXal

INTTYP=1

CALL I0SUB(NDPMXS,18,PMATX,8)
CALL IOSUB(NDVMXS, 18, VMATX, @)

D0 56 IBLK=1,NBLKS
C essassnnrssuass SYMMETRY CONSIDERATIONS eases. “sessassnscss
IF(SYMTYP.EQ.'REF') THEN
CALL FPREFC(IBLK,NUMFPS, INTTYP, FPBK1,FPC)
END IF
IF (SYMTYP.EQ.'ROT’) THEN
GAMMA=TWOPI /NBLKS
CALL FPRDTC(IBLK,GM,NUFPS,INTTYP,FPBKI,FPC)
END IF

C "‘O"3““".#l‘..l"'l‘l.“""".‘"‘l"“(."t#!“tt#ll

CALL NATGEN (MUMARS, MMEPS, FACTRS, INTTYP, WTUV, MXGAUS,

N NDQPTS  Qr2, -°C, SMALLK, PMATX, VMATX)

IF(IBLK.ER.1) CALL SLFINT(PMATX,VMATX,NUMARS, NUMFPS SUALLK, INTTYP,
. TORDU, IORDV,RODTU, ROOTV, WTUV, WKGAUS, MXGAUS
s NSREG. NSEQNS, CCS, TRNSS, IZAX, SUL, SUU, SYL, SV,
’ NSU, NSV, FPC, AREAS)

DO 38 I=1,NTXTOT
VMATX (T) =VMATX(1) ¢..RHOWP
38 PMATX(I)=-PMATX(I)/FOURPI

IF(IBLK.EQ.1) THEN
DO 48 I=1,NUNARS
K=(I-1) eNUMFPSo T
") PMATX(K) <PMATX (K) +8.5
END IF

Cosasssassss impedance coating modifications - 17 Sep 1998 ssxssxsesaees
CALL NTXSWZS(PMATX, VMATX, NUMARS, NUMZ, NUMIPS, 2COAT)

Ct““.ll“‘“"tt"."‘."“l‘.t"‘t.‘.#‘.“lt.‘#‘t.t‘.lt'.'#t“"t"“

CALL I0SUB(NDPMXS,1,PMATX, 2+NTXTOT)
CALL T0SUB(NDYMXS., 1, VNATX, 2¢NTXTOT)

50 CONTINUE

RECRD (1) =FRER
RECRD (2) =RHO
RECRD(3)=C
IRECRD(1)=NBLKS
IRECRO (2) =WTXDIM
IRECRD (3) =NUMARS
TRECRD (4) =NUNSFP
ARECRD (1) =SYNTYP

RETURN
END
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C2: SUBPRS

The subroutine SURPRS solyves matrix equation_(Al.4) for unknown
quantities. In addition to the new variable declarations

CUMON/ COATING [ZCOAT  NUMZ
COMPLEX ZCOAT (500),

the subroutine SURPRS computes the remaining surface pressures from Eq. (Al.3)
and then places the values of the velocities on the impedance-coate reg1¥ns
back into the array VEL (into the last NUMZ positioms). The 3at;1x of Eq.
(A1.2) is not actually modified to create the indicated right band side
coeificent matriv of %q. (Al1.4); rather {he indicated elements BRI and BII are

left intact. This can be corrected, however, by inputting zero values into
corresponding positions in the velocity vector on the right hand side of Eq.
(Al1.4). It is critically necessary, therefore, that one initially specify
zero values for what would appear to be the velocities on the impedance coated
regions.

O

SURROLTINE SURPRS (FREQ, SYMTYP, NBLKS, IRHSYM, CMTX, CMTEMP , MTXDIM)

BUILDS RIGHT HAND SIDE,
SOLVES EQUATIONS, AND COMBINES SOLUTIONS USING SYMMETRY WEIGHTS
TO UBTAIN SURFACE PRESSURES

OO0

C 17 Sep 1998 - impedance coating modifications made by DMB
C 7 Jan 1998 - bug fix .° SURPRS made by PJK

PARAMETER (MXARS=508)
PARAMETER (MXBLKS=198)
PARAMETER (MXIPS=28)

PARAMETER (MXFFP=361)
PARAMETER (MXNFP=361)

<y

3T

PARAMETER (MXFPS=528)

C PARAMETER (MXFPS=MAX@ (MXARS»MXIPS , MXFFP,MXNFP) )
C 2e

COMPLEX CMTX(MTXDIM) , CNTCMP (MTXDIM)
CHARACTERs3 SYMTYP

CIMMEN; CONST/RHD, C
COMMON/PRTCOM/NUNPRT , NUNERR

C 3 Jan 1991 - added temporary logical unit numbers TEMPVEL, TEMP1 - TEMP3.

COMMCN/KDASG/NDGPTS, NDPMXS , NDVNXS , NDDECM , NDVELS , NUSPS,
. NDPWXF | NDVMXF , NDPMXN, NDVMXN, NDPSSP, NDEXPR, NDCOMY,
. NDTEMP NDZRDB . NDPATE, NTMPVEL  NTEMP1 NTEMPZ, NTEMP3
COMNON/ PRGYLS /NDIMPY, NUMARS , NUMSF P, NUMFFP_ NUMNEP | NWDVEC
COMMON/PLWINP/AINC, THTINC, PHTINC, ISCATR
COMNON/BAFFLE/ INFRIG
COMMCN/MONAL / IMODAL , TUSEFQ

COMMON/WORK /VECT (MXARS) , VEC2 (MXBLKS) , VEC3 (MXBLKS) , VEC4 (MXBLKS) ,
' VECS (MXFPS) | VECB (WXFPS)

COMPLEX VEC2,VFC3,VEC4, VECH, VECS

COMPLEX RCOTUN(MXGLKS), SYMNTS (MXBLKS), PRSWTS (MXBLKS)

COMPLEX X (MXFPS), CRHS(MXFPS), CSOLN(MXFPS)

EQUIVALENCE (RODTUN(1),VEC2(1))
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EQUIVALENCE (SYMWTS(1),VEC3(1))
EQUIVALDKCE (PRSWTS(1),VEC4 (1))
EQUIVALENCE (X(1),VEC5(1))
EQUIVALENCE (CSOLN(1),VECE(1))
EQUIVALENCE (CRHS(1),VEC8(1))

COMMON/ODSVEC / TVECT (MXARS) , B(MXARS) , IPIVTR (MXFPS)
COMPLEX TVECT

COMMON/VELSPS /VEL (MXARS) , SP (MXARS)
COMPLEX VEL,SP
COMMOM/PDISL /POWER, DIRIND, SRCLVL
COMMON/SURARS /AREAS (MXARS)
COMMON/EXTCOM/EXTPRS (MXFPS) , IEXTFG
COMPLEX EXTPRS
COMMON/NBPRTC/IRHSPT, NARSPT , NPTBLK, FRQPT
COMMON/NBPRTS /SYMTPT

CHARACTER#3 SYMTPT

Cesassunsnnss inpedance coating modifications - 17 Sep 1996 sessssssnnss

COMMON /COATING/ ZCOAT, NMMZ
COMPLEX ZCOAT (MXARS)

CRISRI0000000080 0000 RRRRRERRERsRRRRRRANIRRRRERRSSRRREERIesRREntIS

[aNaNal

1882

1003

IRHSPT=IRHSYM
FRQPT=FREQ
SYMTPT=SYMTYP

SURPRS ERROR CHECKS
IERR=8

IF (NBLKS.GT.MXBLKS.OR.NBLKS.LE.®) THEN
IERR=1
WRITE(NUNERR, 1802) NBLKS
FORMAT(/,” ERROR :N SURPRS - NBLKS=',T6)
END IF
IF (SYMTYP.NE. 'REF’ .AND.SYNTYP.NE. 'ROT’) THEN
IERR=1
WRITE (NUNERR, 1863) SYMTYP
FORMAT(/,’ ERROR IN SURPRS - SYMTYP= ', A3)
END TF

IF (IERR.NE.8) STOP

NWDMTX=2+NUMSFPsNUMARS
NWDVEC=2¢MMARS

CALL IOSUB(NDDECW, 18,CHTX, §)
CALL I0SUB(NDTEMP,18,CSOLN, §)
CALL I0SUB(NDCOMY, 18, CNTX, 8)
IF (IRHSYM.EQ.9) THEN
NBSOLN=NBLKS
DIVSR=NBLKS
B.SE
NBSOLN=1
DIVSR=1.8
END IF

DO 168 ISOLN=1,NBSOLN
ssssnsneseneses SYMMETRY CONSIDERATIONS sssesevsesssssssnse

IF(SYMTYP.EQ. REF’) CALL REFSWT(ISOLN,NBLKS,SYMITS)
IF(SYMTYP.EQ. 'ROT') THEN

IF(ISOLN.EQ.1) THEN
PI=ACOS(-1.8)
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THOP1=2.8+P1
ARG=4.9
DELARG=TWOPJ/NBLKS
DO 18 I=1,NBLKS
ROOTUN (1) =CMPLX (COS (ARG) , SIN(ARG))
18 ARG=ARG+DELARG
END IF

CALL ROTSWT(ISOLN,NBLKS,ROOTUN,SYMNTS)
END IF

C EEEERNAARISRTINRENESTRREARERE R EXNERN RN NS LSRR AR SR RREARRN S

IF(ISCATR EQ.8) THEN
CALL TOSUB(NDCONV, 2, CMTX, NWOMTX)

CALL COMBMX (X, vcl,NUMARS, 1,NDVELS, NNDVEC, NBSOLN, SYMNTS)

CALL MXMLTY(CMTX, X, CRHS , NUMSEP, NUMARS)
aSsE
DO 18 I=1,NUMSFP
16 CRHS(I)=(08.8,f @)
ENDIF

IF(1EXYFG.NE &) THEN
CALL COMBMX (X, EXTPRS, NUMSFP, 1, NDEXPR, 2sNUMSFP , NBSOLN, SYMITS)
DO 18 I=1,NUMSFP
18 CRHS (1)=CRHS (1) +X(I)
END IF

DO 28 I=1,NUMSFP
20 CRHS(I)=CRHS(I)/DIVSR

IF(INFRIG EQ 8) TH N
CALL I0SUB(NDDECM, 2, CMTX, NWDWTX)
CALL TOSUB(NDDECM, 2, TVECT, 3sMXARS +MXFPS)
CALL GDS(2,CMTX, NUMSFP, NUMARS, TVECT, B, IPIVTR, CRHS, CSOLN)
ELSE
D0 25 I=1,NUMARS
25 LoV II3_2.@sCRHS (D)
END IF

CALL TOSUB(NDTEMP,1,CSOLN, NWDVEC)
128 CONTINUE
CALL I0SUB(NDSPS,18,5P,8)
CALL IOSUB(NDVELS,16,VEL,8)
C assaevssannse this rewind added as part of 7 Jan 1991 bug fix tessesesrasses
CALL IOSUB(NTMPYEL,18,VEL,#8)
O L T Y P Y I ST L L LIy

POWER=6.8

DO 208 ISOIN=1,6NBSOLN

C seessaseensssse SYMMETRY CONSIDERATIONS #assanassansnsansss

IF(SYMTYP EQ.'REF’) THEN
CALL REFSWT (ISOLN,NBLKS,SYMNTS)
08 6 T=1, NBLKS
5 PRSNTS (1) =SYMTS (1)
ENDIF

IF(SYMTYP ERQ. 'ROT') THEN
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CALL ROTSWT(ISOLN,NBLKS,RODTUN, SYMNTS)
PRSWTS (1) SYMNTS (1)
IF(NBLKS.NE.1) THEN
00 12 I=2,NBLKS
PRSWTS (1) =SYMNTS (NBLKS-1+2)
END IF
END IF

AERNESVSHREBESERIREIRREENRLRF LRI NRXB AN RRRXXLERRRBARFERAHN

CALL COMBMX (SP,CSOLN, NUMARS , 1, NOTEMP, NWOVEC, NBSOLN, PRSWTS)
IF (ISCATR .EQ. 8)CALL IGSUB(NDVELS,?2,VEL,NWDVEC)

Cesssesnssnns impedance coating modifications - 17 Sep 1998 ssesssessses

491

DO 481 I = NMARS - NOMZ + 1, NUMARS
VEL(I) = SP(I)
SP(I) = -SP(I) * ZCOAT(I)
CONTINUE

CHESSIRURARESINRRNRERRNRERRSRRNIRESRRRRSARSRERENA SEREERRAR R RESERIINS$ S

CasnasenseneBug fix of problem with Velocities starts here - 7 Jan 1991

C Modified when the velocity w2s stored in files for the impedance
C calculstions.

158
200

225

CALL TOSUB(NTMPVEL,1,VEL,NWOVEC)

CALL TOSUB(NDSPS, 1,SP, NWOVEC)

IF (ISCATR.NE.#.)G0 T0 288

DO 156 I=1,NUMARS
POWER=POWER.REAL (SP (1) sCONJG(VEL (1)) ) ¢AREAS (1)

CONTINUE

CALL IOSUB(NTMPVEL,1S,VEL,?)
CALL I0SUB(NOVELS,1e,VEL,8)

WRITE MATICES CONTAINED IN NTMPVEL TO NOVELS

D0 225 I=1,NBSOLN
CALL T0SUB(NTMPVEL,2,VEL NWDVEC)
CALL I0SUB(NDVELS, 1,VEL, NWOVEC)
CONTINUE

sesssssasessnsses ond of 7 Jan 1991 mods sssessssssasssasannsesssnrnssssssses

TF (IMODAL . NE. 8) THEN

CALL IOSUB(NDTEWP,18,5P,d)

DO 386 ISOLN=1,NBSOLN

CALL TOSUB(NDTEMP,2,SP, NWDVEC)

380 CALL IOSUB(NDSPS,1,SP, NWDVEC)

ENDIF

IF (IRHSYM. EQ. 1) POWER=NBLKS+POWER
POWER=POVER/ 1866

IEXTFG=#

RETURN
END
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C3: MTXSWZS

The subroutine MTXSWZS creates the modified coefficient matrices of Eq.
(A1.4) from those of Eq. (A1.2). Note that this formulation allows for NUMIPS
number of interior points, and consequently the matrices A and B in this
subroutine are not necessarily square. Further note that the B matrix of Eq.
(A1.2) is not modified to create the exact right hand coefficient matrix of
Eq. (Al1.4). This is legitimate provided one does not input zero values for
the corresponding positions in the velocity vector on the right-hand side of
Eq. (Al.4). Also note that the impedance-coated regions are always associated
with the latter storage positions in matrices A and B and in the arrays SP and
VEL regardless of where the regions actually are on the surface of the
radiator.

SUBROUTINE MTXSWZS(A, B, N, NZ, NWIPS, ZC)

R R Ty T P T L P e T P P PP P PP PR R 2
C required in CHIEF for impedance coating cases.
C NOTE: matrix B in eqn AP=BY is not modified.
T L T T PP P T

COMPLEX A(N-NUMIPS, N), B(NNUMIPS, N), ZC(508)
NN = N - NUMIPS
D020 1 =1, NN
D0 18J=N-N+1, N
ACL, 1) = -A(I, J) s ZC(J) - B(I, &)
19 CONTINUE
26 CONTINUE

RETURN
END

G4:  LnAum:

The subroutine ZRADMI is called from the CHIEF driver and is used to
calculate the radiation matrix only when impedance surfaces are present. When
impedance surfaces are present, both ZRADMX and ZRADMI are called.

SUBROUTINE ZRADMI (ZWTX, NUMARS)

ZRADMI() is 2 subroutine that corrects the radiation impedance matrix
when an arbitrary impedance layer exists on the surface.

[aEaXaXs]

Subroutines used: MATRIXINV()
PARAMETER (MXARS = 508)

C impedance layer commons. ..
COMPLEX ZCOAT(588)
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COMMON / COATING / ZCOAT, NUMZ

COMPLEX ZRR(MXARS, MXARS)
COMPLEX ZIR(MXARS, MXARS)
COMPLEX ZRI(MXARS, MXARS)
COMPLEX ZII(MXARS, MXARS)
COMPLEX INVZII(NXARS MXARS)
COMPLEX TBWP2 (MXARS, MXARS)
COMPLEX TBIP3(IXARS, MXARS)
REAL TBMP4(MXARS s 2, MXARS s 2)
REAL TEMPH(MXARS s 2, MXARS » 2)
INTEGER ITBMP (MXARS)

INTEGER IFIRST, ILAST
INTEGER RFIRST, RLAST

COMPLEX ZMTX
DIMENSION ZMTX(NUMARS, NUMARS)

The radiation impedance matrix is computed assuming there are no
impedance surfaces. This matrix ZMTX has dimensions NUMARS x NUMARS.
IMTX is partitioned into 4 matrices, ZRR, ZRI, ZIR, and ZII whose
sizes depend upon the number of impedance surfaces.

RFIRST = 1

RLAST = NUMARS - NUMZ
IFIRST = MUMARS - MMZ -+ 1
ILAST = NUMARS

DO 38 J = RFIRST, RLAST
DO 16 K = RFIRST, RLAST
ZRR(X, J) = ZMTX(K, J)
CONTINUE
D0 28 K = IFIRST, ILAST
ZIR(K - RLAST, J) = ZNTX(K, J)
CONTINUE
CONTINUE

00 86 J = IFIRST, ILAST
DO 48 K = RFIRST, RLAST
IRI(K, J - RLAST) = ZMTX(K, J)
CONTINUE
DO 58 K = IFIRST, ILAST
ZII(K - RUAST, J - RLAST) = ZMTX(K,J)
CONTINUE
CONTINUE

The ispedance coatings are added to the diagonal elements of the
ZIT matrix.

0078 J =1, NMZ
ZII(, J) = Z1II(J, J) » ZCOAT(J + RLAST)
CONTINUE

In order to invert the complex matrix ZII, we partitioned it into
a reai matrix, TEMP4, that is 4 times larger as follows:

*- -

| Real ZII -Imaginary ZII |
| Imaginary Z2II Real ZII |

>~ -
and inverted this larger real matrix.

00 98 J = 1, NMZ
D0 86 K = 1, NUMZ

TEWPA( K, J) = REALQZII(K, J))
TEMPA(NMZ + K, NOMZ + J) = REALQZII(K, J))
TEWP4 (MMZ + K, J) = AIMAG(ZII(K, 1))
T4 K, o J) = -AIMAG(ZII(K, 1))

CONTINUE

RR
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@  CONTINUE
CALL MATRIXINV(TEMP4, TEMPS, ITEMP, NUMZ»2, MXARS+2)

After inversion, the result is still partitioned in the same way.
The real and imaginary parts of the inverse are now recombined into
the complex array INVZII.

| ++ Real INVZII s»

l
| *¢ Imaginary INVZII »

.-

-Imaginary INVZII |

|
Real INVZII |

D0 118 J = 1, NUMZ
D0 188 K = 1, NUMZ
INVZII(K, J) = CMPLX(TEMPS(K, J), TEMPG(NWZ - K, J))
CONTINUE
CONTINUE

08
1e

ZIRI s multiplied by the inverse of ZII and put into the TEMP2 array.

DO 148 J = 1, NUMZ
DO 138 K = RFIRST, RLAST
TEMP2(K, J) = 8.8
DO 126 L = 1, NOMZ
TEMP2(K, J) = TBMP2(K, J) + ZRI(K, L) * INVZII(L, J)
CONTINUE
CONTINUE
CONTINUE

29
38
49

Tesp2 is multiplied by ZIR and put into the array TEMP3

DO 178 J = RFIRST, RLAST
DO 166 K = RFIRST, RLAST
TEMP3(K, J) = = @
D0 150 L = 1, “.MZ
TENP3(K, J) = TEMP3(K, J) « TBIP2(K, L) » ZIR(L, J)
CONTINUE
CONTINUE
CONTINUE

58
60
78

IMTX is now the correct radiation impedance matrix and is passed
back to the CHIEF driver. (Note the size of ZMTX is larger than
the size actually needed.

D0 198 J = RFIRST, RLAST
DO 188 K = RFIRST, RLAST
INTX(K, J) = ZRR(K, J) - TEWP3(K, J)
CONTINUE
CONTINUE

80
90

RETURN
END

MATRIXTNV

The subroutine MATRIXINV is called from ZRADMI.

matrix and calls the subroutine DECOMP and SOLVER.

el aXal

SUBROUTINE MATRIXINV(MAT, INV, INDEX, N, S)

Inverts a matrix (MAT)

59

This subroutine inverts a
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C CSubroutines used: DECOMP(), SOLVER()

INTEGER N { defines size of array to be inverted (N x N)
INTEGER S | size of storage area (S x S) (may be larger than array)
INTEGER INDEX ! used in bookeeping.
REAL MAT | array to be inverted (destroyed when done)
REAL INV | holds inverted array when done.
!

INTEGER D +1 or -1 depending on even or odd nuaber of row changes

DIMENSION MAT(S, S), INV(S, §), INDEX(S)

D0261=1,N
D01J=1, N
INV(I, J) = 0.8
18 CONTINUE
INV(I, 1) = 1.8
28 CONTINUE

CALL DECOMP(MAT, N, S, INDEX, D)

D036 J=1, N
CALL SOLVER(MAT, N, S, INDEX, INV(1, J))
38 CONTINUE

RETURN
END

C6: DECOMP
The subroutine DCOMP performs a matrix decomposition.

SUBROUTINE DECOMP(A, N, NP, INDX, D)
C Matrix Decomposition routine.

PARAMETER (NMAX = 108, TINY = 1.0E - 28)
DIMENSION A(NP, NP), INDX(N), VV(NMAX)

=18
D0121=1
AAMAX =
Do 11 J
IF (ABS
11 CONTINUE
IF (AAMAX .ER. 8.8) PAUSE 'Singular matrix.’
V(I) = 1.6 ] AAMAX
12 CONTINUE

~ X

N
A(I, J)) -GT. AAMAX) AAMAX = ABS(A(I, J))

D019 J=1, N

IF (J .GT. 1) THEN
DO14I=1,J-1
S = A(L, J)
IF (I .GT. 1) THEN
D013 K=1,1-1
SUM = SUM - AT, K) » A(K, J)

13 CONTINUE
AL, J) = SWM
ENDIF
14 CONTINUE
ENDIF
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AAMAX = 8.8
D016 I=J, N
SWM = A(I, J)

IF (4 .GT. 1) THEN
DO1SK=1,J-1
SUM = SUM - AT, K} & AK, J)
15 CONTINUE
ACT, J) = SWM
ENDIF
DM = WW(I) # ABS(SUM)
IF (OUM .GE. AAMAX) THEN
TMAX = 1
AAMAX = DUM
ENDIF
18 CONTINUE

IF (J .NE. IMAX) THEN
00 17 k = 1, N
DM = A(IMAX, K)
A(IMAX, K} = A(J, K)

A(J, K) = DM
17 CONTINUE
D=-D
W (IMAX) = W(J)
ENDIF

INDX{J) = IMAX

IF(J .NE. N) THEN
IF(A(J, J) .EQ. 8.8) A(J, J) = TINY
DM =1.8/ A0, J)
D018 I=J+1, N
ACT, J) = A(T, J) » DWM
18 CONTINUE
ENDIF

19 CONTINUE
IF(A(N, N) .EQ. 8.8) AN, N) = TINY

RETURN
END

C7: SOLVER

The subroutine solves a matrix equation.

SUBROUTINE SOLVER(A, N, NP, INDX, B)
C This routine solves the set of N linear equations A . X = B
DIMENSICN A(NP, NP), INDX(N), B(N)

-0
00121 =1, N
LL = INDX(I)
SWM = B(LL)
B(LL) = B(I

IF (II .NE. 8) THEN

0011 J=1I1-1
SUM = SUM - AL, J) ¢ B(J)
11 CONTINUE
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B.SE IF (S .NE. 9.8) THEN

=1
ENDIF
B(I) = SWi
12 CONTINUE

D014 I=N, 1, -1
SWM = B(I)
IF(I .LT.'N) THEN
W1BS=I-1,K
SUM = SUM - A(L, J) » B(Y)

13 CONTINVE
ENDIF
B(I) = S / A(I, T)
14 CONTINUE
RETURN
BND
C8: INITCM
Cm e e e e mmm A mc Moo e m e m e e e mmme s m—me——em—mmmmme—mmmaoe
¢

SUBROUTINE INITCM
PARAMETER (MXSREG=588)

COMMON/CONST/RHO, C
COMMON/PRTCOM/NUNPRT ' INERR

C 3 Jan 1991 - added temporary logical unit numbers NTEWMPVEL, NTBUP1 - NTEMP3.
COMMON/NUASG/NDQPTS , NDPMXS , NDVMXS , NDDECM, NDVELS , NDSPS

. NDPADCF , NDVADG , NDPMXN , NDVMXN , NDPSSP , NDEXPR , NDCOMY,
N NDTENP, NDZRDB, NDPATB. NTMFVEL , NTEMP1, NTEMP2, NTEMP3
COMON/SVALS/NSREG, NSEQNS (MXSREG) , SUL (MXSREG) , SU (MXSREG) ,
. SVL (MXSREG) , SVU(MXSREG) , NSU(MXSREG) , NSV (MXSREG) ,
. CCS (18, MXSREG) , TRNSS (3, MXSREG) , IZAX (MXSREG) ,
N I0RDU(MXSREG) , 10RDV (MXSREG) , NCCERS
COMMON/PLYINP/AINC, THTINC, PHIINC, ISCATR
COMMON/BAFFLE/ INFRIG
COMMON/MODAL / TMODAL , TUSEFQ
RHO=1008.
C=1606.

Cosen-asgxaans changed NCCEQS to 13 to add cone - 19 Sep 1998 #sssrsssss
c NUMBER OF ERUATION SETS IN CCUNMD
NCCEQS=13

CHERERENNARRIRSRRRINRRSERRREESURRRERENRESRRNERSERRETNRSSHARRRRRGY O

€ UNIT DESIGNATORS FOR MASS STORAGE
NOQPT* -18
NOPMXS=11
NOVMXS=12
NDDECN=13
NDVELS=14
NDSPS=15
NDPADGF=16
NOVMOEF=17
NDPAXN=18
NDVMXN=19
NOPSSP=28
NDEXPR=21
NDCOMY=22
NDTEMP=23
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NDZRDB=24
ND"ATR=26

C 3 Jan 1991 - .dded temporary logical unit numbers TEMPYEL, TEMPI - TEMP3.

el

NTMPYEL = 28
NTEMPL = 77
NTEMP2 = 28
NTEMP3 = 2§

nohor

PRINT UNIT DESIGNATOHS
NUNPRT=6

NUNERR=8

PLANE WAVE VALUES

AINC=8. 8

1SCATR=8

INFINITE RIGID BAFFLE VALUE
INFRIG=#

MODAL WATRTX COMPUTATION FLAG
TWICA-

USEFQ-0

RETLRN
END




